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INTRODUCTION, 
Viruses occupy a unique position in the hier-
archy of physical objects as they can be regarded as the 
most highly organized chemical structures which do not 
metabolize, or alternatively as the lowest forms of life 
that reproduce themselves at the expense of higher organ-
isms. They "live a borrowed life" as Laidlaw put it, 
and for this precise reason their study is likely to give 
a better and more direct insight into the fundamental 
secrets of life than studies at the biochemical, or 
strictly speaking, microbiological level. 
All viruses share these advantages as objects 
of research, but some are preferred to others for further, 
mainly technical, reasons. Among the animal viruses 
influenza is perhaps the most natural choice; it has 
some drawbacks such as its instability, both physical and 
biological, but possesses the compensating attraction of 
being the easiest to assay by several independent and 
accurate methods. In this respect the virus of epidemic 
influenza compares more than favourably with any known 
virus, be it plant, bacterial or animal, and for this 
reason has been the favoured subject of quantitative 
virological studies over the last decade. 
dicted the reigning hypothesis and a new interpretation 
was put forward to replace it. The present work was 
undertaken originally with the intention of examining 
this new hypothesis by testing some of its more obvious 
implications. Very early in the course of our experi-
ments such results were obtained which rendered even 
this second hypothesis untenable. Thus, instead of 
continuing the investigation of the von Magnus phenomenon 
along predetermined lines and by classical techniques, we 
were soon forced to embark on an extensive set of explor-
atory experiments, to construct step by step a working 
hypothesis consistent with newly gained information and 
to design new ways of testing and checking the new and 
often unexpected assumptions that had to be made. As a 
result, the study has gone beyond the theme originally 
set for this thesis, and while two fundamentally new 
findings, namely, the graded production of incomplete 
virus and the chemical induction of the phenomenon have 
been fully established, several interesting lines of 
research opened by these discoveries have been covered by 
exploratory experiments only, and their comprehensive 
investigation mvst be left for the future. 
PART I: HISTORICAL 
1. 
1.00 
1. - 1.11 
REVIEW OF EXPERIMENTAL WORK ON INCOMPLETE 
VIRUS PRODUCTION 
Since the experimental work to be reported was 
stimulated at its inception by the contradiction between 
observed facts and interpretations offered to account for 
these facts, the experimental findings and the hypotheses 
advanced will be treated separately. .As will be seen, 
all of the factual findings could be readily reproduced 
while the accompanying theories had to be modified or 
abandoned in the light of newer observations. 
1.1 Early Work on Incomplete Virus without Explicit Observation 
1.11 
of the Phenomenon. 
Henle and Chambers (1941) studied the sero-
logical behaviour of mouse-adapted strains of influenza 
virus upon transfer to the developing chick embryo. Dilute 
inocula of WS-43 and F-12 strains, (0.5 ml), produced fluids 
in the allantoic cavity with infectivity for mice "much 
higher" than the original mouse lung material, whilst un-
diluted seed produced fluids of 100 times lower infectivity 
than the dilute inocula. They reported conditions for 
the optimal production of complement-fixing antigen, viz., 
1.12 
1.13 
1.11 - 1.13 
10-3 - 10-4 inoculum harvested after 36 hours, at which 
time the infectivity for mice was also highest. 
Nigg, Crowley and Wilson (1941) described the 
use of various tissues and fluids of the chick embryo in 
the complement fixation test of influenza. Using the PR8 
strain, they passaged 0.1 ml of undiluted allantoic fluid 
in the allantoic sac of 11 or l2-day chick embryos, and 
harvested the final yield after 2 or 3 days incubation at 
They reported that the mouse lethal titre decreased 
one loglO unit when the eggs were harvested after 72 hours 
incubation instead of 48 hours. A further loglO unit 
decrease in the mouse lethal titre was observed in the 100th 
as compared with the 11th serial allantoic passage. In 
both these cases, the complement fixing titre remained the 
same as that in preparations of "younger culture strains". 
Nigg, Wilson and Crowley (1941) studied various 
techniques for the cultivation of mouse-adapted influenza 
strains in different tissues of the developing chick embryo.' 
They reported that the simplest method of maintaining influ-
enza virus was the "allantoic culture method", using all-
antoic fluid for serial transfers. They recommended 
using "early passage" virus for these serial transfers as 
results showed that upon continued passaging of 0.1 ml of 
1.14 
1.13 - 1.14 
undiluted allantoic fluid, the infectivity of preparations 
for mice decreased. This was observed in both the chorio-
allantoic membrane and the allantoic fluid. PR8-infected 
fluid passaged at a dilution of 10-1 or 10-2 , using 0.1 ml, 
maintained an infectivity titre of approximately 10-4·5 in 
the chorio-allantoic membrane, and 10-4 .75 in the allantoic 
fluid, whilst undiluted passages yielded a membrane titre 
varying between 10-1•8 and 10-4 •5 , and allantoic fluid of 
titre 10-1•5 to 10-3•5• 
Henle and Henle (194~) in a brief report on some 
early work on interference among influenza viruses, showed 
that upon inoculation of various concentrations of infected 
allantoic fluid into the developing chick embryo, the mouse 
5~fo mortality titre rose to a maximum earlier and decreased 
faster on continued incubation, than the red cell agglu-
tination reaction. Using the LEE strain, they reported 
that the haemagglutinin yield was the same whatever the 
concentration of initial inoculum, provided the inoculation 
fluid had been harvested at the time of its maximum activ-
ity. However, if the initial fluid had been harvested 
after its maximum titre had been reached, 0.5 ml of undil-
uted or 10-1 diluted fluid yielded allantoic fluids of 
lower haemagglutinin than LO-2 or 10-3 diluted fluid, when 
tested after 24, 48, 72 and 96 hours incubation. It was 
1.15 
1.16 
1.17 
1.14 - 1.17 
shown that artificially inactivated influenza virus sus-
pensions could produce the same result. 
Henle and Henle (1944) again reported the lowered 
yiel~ of influenza virus upon the passage of concentrated 
inocula. These workers used 0.5 ml inocula and results 
for three strains were shown. The haemagglutinin titres 
reported in Table I, p.709, show a lowered yield after con-
centrated inocula - more especially in the second undiluted 
passage. 
Miller (1944) studied conditions for the optimal 
production of influenza virus using the PR8 strain in the 
allantoic cavity of the developing chick embryo. He 
reported results in line with those of Henle and Henle (1.14). 
Thus high concentrations of inoculum resulted in a decreased, 
yield of haemagglutinin, when inocula of 0.1 ml were used, 
and the eggs tested after 24, 36, 48 and 72 hours incubation 
at 350 C, Table I. This lowered yield, led this worker to 
conclude that the optimal production of influenza virus 
was obtained after inoculation into 10 or II-day eggs,at 
37oC, of 0.1 ml of a stock inoculum diluted 10-5• The 
eggs were then incubated at 350 C for 36 to 48 hours. 
Friedwald and Pickles (1944) used the analytical 
1.17 
centrifuge and the ultracentrifuge to study preparations 
of PR8 and LEE allantoic fluid. The virus suspensions 
were prepared by inoculating 0.2 ml of a 10-3 dilution of 
high titre allantoic fluid, into the allantoic sac of 11-
day-old chick embryos; incubating the eggs at 370 C for 48 
hours, and after chilling the infected fluid was harvested 
and cleared of excess debris by centrifuging at 18,000 
r.p.m. for 5 minutes. Using a synthetic sucrose density 
gradient, and spinning at 12,600 r.p.m. for 28 minutes, 
two boundaries could be detected in preparations of PR8. 
These corresponded closely with two sedimenting boundaries 
seen in the ultracentrifuge, after the virus suspensions 
had been concentrated by differential centrifugation, and 
adsorption and elution to and from red blood cells had re-
moved slower moving components. Using the same methods, 
preparations of LEE infected allantoic fluid showed a 
single boundary, of sedimentation constant 800 S, associated 
with both the agglutinin and infectivity. The PR8 boun-
daries showed sedimentation constants of 700 S associated 
with infectivity and haemagglutinin, and 460 S associated 
with the haemagglutinin only. The complement-fixing anti-
gen was found to be closely associated with the infective 
particle, while a smaller more slowly settling component, 
unabsorbed to red cells, and by this means removed from 
ultracentrifuge photographs, seemed possibly to be the 
1.17 
particle of size about 11 ~reported by Chambers and 
Henle (1~3) to be the primary virus particle. 
These workers used these sedimentation .con-
stants, and an assumption of spherical shape of the virus 
particle to calculate the number of particles required to 
give a 50% haemagglutination end-point. With LEE, one 
particle is calculated to agglutinate two red blood cells, 
and with PR8 a ratio of 1:1 was found. They also com-
puted the number of virus particles required to produce 
visible lesions in mice to be 10 for PR8 and 10,000 for 
LEE, whilst 10 particles of both PR8 and LEE are said to 
produce infection of the chick embryo. 
It should be mentioned at this juncture that 
all of Friedwald and Pickles' infectivity data are based 
on titrations in mice. Their smallest infective dose 
was taken as the amount of virus which causes minimal 
lesions in 50% of the mice. They made the assumption 
that this dose is equivalent to the egg 50% infective dose 
although the work of Hirst (1~2), Burnet and his school 
(1941-1943) and Stanley (1944 a and b) has shown that 
the egg ID50 is approximately a loglO step more dilute 
than the mouse ID50' Later the dose response curve in 
mice was found to fit to a probit line, Fazekas de St. 
Groth (1950). It was also found that minimal visible 
lesions were obtained after inoculating 8 egg infective 
1.18 
1.17 - 1.18 
units, however, even smaller doses, down to 1 egg in-
fective unit led to the production of complement-fixing 
antigen. Clearly this is a definite sign of infection 
and by this criterion the number of infective doses is 
the same for eggs and mice, provided the virus is adapted 
to both hosts. Consequently Friedwald and Pickles' asser-
tion that 10 particles are required for infection is an 
overestimate of the order of 10, and we can now correct 
this figure in the light of all available facts by stating 
that a single particle of adapted virus may be capable of 
causing infection both in eggs and mice. 
Knight (1944) studied macromolecular material 
present in normal allantoic fluid which was found to be 
sedimented under similar conditions to those employed for 
the isolation of influenza viruses. The yield of this 
normal protein was found to increase with increasing age 
of the embryo, being undetectable until 12 days of incu-
bation at 390 C, and then rising sharply to 14 days, after 
which the turbidity of the allantoic fluid made it imprac-
ticable to harvest it clearly. This normal protein was 
not adsorbed to chicken red cells nor was iD infective for 
mouse lungs or chick embryos. This component of normal 
allantoic fluid was found to be a good antigen and prepar-
ations of influenza A and B showed strong serological 
1.19 
1.18 - 1.19 
activity towards it indicating a close association between 
the two substances. Preparations of F-12 and LEE strains 
of influenza virus have been shown by centrifugal means to 
contain smaller components, but smaller amounts present in 
PR8 preparations have been more difficult to detect. Pre-
parations containing 2-3 mgm of protein per ml were found 
to show a single boundary in the ultracentrifuge, with a 
sedimentation constant of about 30-50 S., and by electron 
microscopy a diameter of 40 m~., whilst more concentrated 
preparations showed two boundaries at about 30 and 120 S. 
Lauffer and Miller (1944) showed that using the 
PR8 and F-12 strains of influenza, the mouse and chick 
embyyo infectivity and the bulk of the haemagglutinin are 
all sedimented with the principal component. Thus it is 
strongly put forward that these three activities are assoc-
iated with particles characterized as spheres with a dia-
meter of 100 m~. 
1.2 The Classical Description of Incomplete Virus Formation. 
1.21 Von Magnus (1947) was the first to describe 
specifically and to study extensively influenza virus 
yielded after the inoculation of concentrated seed. 
That these offspring differed from the parent virus by 
possessing a lower infectivity had been noted by several 
earlier workers (1.1), but no particular study of their 
properties, or the mechanism of their formation had been 
made. Von Magnus was interested in the interference of 
one virus with another and the fact that heat and ultra-
violet irradiation could destroy infectivity without loss 
of haemagglutinin or interfering capacity led him to seek 
an explanation along these lines. 
He used the PR8 strain of influenza virus exclus-
ively. Eggs were inoculated allantoically with diluted 
and undiluted preparations of allantoic fluid, and samples 
withdrawn after various intervals of time were tested for 
haemagglutinin content and infectivity for mice. The 
fluids used as inocula were harvested when at their maxi-
mum activity. Serial passages of dilute fluid yielded 
preparations of consistently high haemagglutinin and 
infective virus content, the maximum activity being reach-
ed between 12 and 44 hours. The infective virus content 
remained 
~onstant for a further 12 - 2~ hours, after which it 
1.22 
1.21 - 1.22 
slowly declined; the haemagglutinin titre rose in 
parallel with infectivity but remained constant until 
about 96 hours after inoculation. 
Passages of Undiluted fluid yielded detect-
able virus after 18 to 24 hours incubation. Serial 
passaging of undiluted fluid showed in the first passage 
a 10-100-fold decrease of infective virus, whilst the 
second and third passages yielded fluids with even 
lower infectivity for mice and eggs. The haemagglutinin 
content of these fluids however rose to levels corres-
ponding with those of dilute passage virus, and thus 
gave clear cut evidence of viral multiplication. 
These preparations, yielded after the inocu-
lation of concentrated seed virus, possessed the same 
immunizing capacity when formolized, as fluids of the 
same agglutinating activity, even though their initial 
infective titres differed greatly. 
Fluids harvested from the third undiluted 
passage were tested for their interfering capacity 
with graded doses of active Virus, being inoculated 
intranasally into mice either simultaneously with, or 
1 hour after the infective inoculum. These experiments 
resulted in protection of the mice against 100 LD ,0. 
1.23 
1.22 - 1.2+ 
When fluids from the first and second un-
diluted transfers were titrated in mice, animals 
inoculated with the undiluted suspension survived, 
whilst those receiving 10- and 100-fold dilute in-
ocula died. 
Experiments to find the length of time 
infective virus would survive in a killed egg, 
showed that the infectivity of virus inoculated into 
chilled eggs and then re-incubated." remained unchanged 
for 4lr hours. 
In an experiment to determine when this non-
infective virus first appeared, von Magnus titrated 
samples of allantoic fluid harvested from "first un-
diluted passage" eggs at various intervals of time 
after inoculation. Fluids harvested before 9 hours of 
incubation showed infectivity and haemagglutinin titres 
similar to eggs treated with dilute inocula, whilst 
those harvested after 9 hours showed lowered infectivity 
with the haemagglutinin content continuing to rise. 
Gard and von Magnus (1~7) studied preparations 
of this non-infective yet agglutinating virus by means 
of the ultracentrifuge. They used (a) preparations of 
normal allantoic fluid from Il-day old chick embryos; 
1.25 
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(b) infective allantoic fluid from Il-day eggs which 
o 
had been incubated at 35 C for ~S hours after inoculation 
with dilute seed virus; and (c) a series of infected 
o 
allantoic fluids from eggs incubated at 38 Cithe inocu-
lations being made so as to give a uniform age of 13 
days when harvested. This series consisted of fluids 
harvested 6~, 21 and ~ hours after inoculation with 
diluted material and of three consecutive passages of 
undiluted allantoic fluid. Two strains of PRS were used. 
Each preparation was concentrated lOO-fold, 
by differential centrifugation, and made up in 0.1 M 
phosphate buffer, pH 7. The specimens were analysed in 
o 
an equilibrium centrifuge at 6.000 G, and 20 C, and the 
results recorded optically. 
They recorded ~ components, with sedimentation 
constants ranging from 220 S to 1330 S. 
Component I had a sedimentation constant of 220 S. Ex-
treme values 208 - 235. This component was present in 
normal allantoic fluid and in infective allantoic fluid 
harvested after 6 hours incubation but not in the 
presence of other components. 
Component II had a sedimentation constant of 380 S. Ex-
treme values 326-~30. II was not demonstrable in normal 
allantoic fluid preparations nor in allantoic fluid 
1.25 - 1 0 26 
o 
harvested after the incubation at 38 C of eggs inoculated 
with dilute virus 48 hours previously. However all pre-
parations of infected allantoic fluid from eggs incu-
bated at 38°c contained this component. 
Component III had a sedimentation constant of 660 S. 
Extremes 620 - 740. It was found in infected allantoic 
fluids from (b) and the dilute and first undiluted 
o 
allantoic passage fluids from eggs incubated at 38 C. 
It was not demonstrable in the second or third undiluted 
passages or in preparations of normal allantoic fluid. 
Component IV had a sedimentation constant of 1330 S, 
with extreme values 1070 and 1700. This component 
o 
was present only in the series of eggs incubated at 3~ C, 
and only in small amounts. 
The fluids in series (c) harvested at maximum 
activity showed quantitative and qualitative differences, 
and the results are summarized in the Table. 
Preliminary electron micrographs of the pre-
paration of passage 1 revealed predominantly 2 kinds of 
particles, 70 and 120 ~ respectively which were probably 
associated with the 380 and 660 S components. 
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Initial Age of Incubation Harvest time Haemagglut1nin MLD Sedimentation 
inoculum Embryo Temperature after inocu- (loglO units) 50 components present 
J ijti on 
(a) 
35°c ~ Control 11 days I 
(b) 
Dilute 0 
allantoic 11 days 35 C 48 hours III 
fluid ~ ~_ __ _ __ ~_ 
(c) 
Passage 0 
Dilute 0 II : III 
allantoic 13 days 38 C 44 hours 3.2 4.8:: 1 :~ 5 
fluid _ .. _ ~ __ ~_ .. ___ ~~ ___ ~ ____ . and IV 
(c) 
Passage 1 
Undiluted 13 days 
P{Lfluid 
(c) 
o 
38 C 21 hours 3.4 3.5 
Passage 2 ° 
Undiluted 13 days 38 C 21 hours 3.5 0 
PI fluid __ . . ~~~~_ ~. ___ ._ 
(c) 
Passage 3 
Undiluted 13 days 
P2 fluid 
o 
38 C 21 hours 2 •. 7 o 
II : IV 
::- ~ :' 1 
and IV 
II and IV 
II and IV 
1.27 Gard, von Magnus and Svedmyr (1947) re-
ported again their findings from numerous purifi-
cation and centrifugation experiments with prepar-
ations of FR8 influenza virus. Allantoic fluids 
harvested from eggs inoculated with varying doses of 
infected allantoic fluid were used, and the findings 
reported were similar to Gard and von Magnus (1.2~). 
Four components were separated and the 
relative viscosity of each determined, together with 
o 
their sedimentation constant at 20 C, and the amount 
of nitrogen present per ml of fluid. 
Component I about 200 S with relative viscosity 
2.0, 0.2 mgm N per ml. 
Component II 500 S with relative viscosity 1.2, 
0.2 mgm N per ml. 
Component III 700 S with relative viscosity 1.05, 
0.2 mgm N per ml. 
Component IV 
not determined. 
1200-1900 S with relatiye viscosity 
Each component showed the same distribution 
features and biological properties as those described 
previously. In preparations prepared by ultracentri-
fugation a small component sedimenting at 30 S was 
demonstrated. This component was not demonstrable by 
~ 1.27 
differential centrifugation and it was considered 
to be the smaller component demonstrated by Knight 
(1.18) in preparations of normal allantoic fluid. 
It was found neither to inhibit haemagglutination 
nor to interfere in infectivity tests, but due to 
its viscosity to modify the sedimentation rates of 
faster components. 
103 - 1.30 
1.3 Production of Incomplete Virus in the Allantois. 
L.30 Henle and Henle (1949) studied the properties 
of virus on first liberation from the allantoic cells. 
It was necessary to use large inocula in order to 
detect virus after the first cycle of multiplication. 
9.6 
After the inoculation of 10 ID50 of PR8 virus, a 
haemagglutinin rise was demonstrated at 3 hours, comple-
ment fixing antigen at lfi hours, and infectivity after 
6 hours. This virus at 6 hours had an ID-HA ratio of 
5 
about 10. The allantoic membrane showed a rise in 
complement-fixing antigen after 2 hours, haemagglutinin 
after 3 hours, and infectivity after 5 hours, giving an 
ID-HA ratio of 105• 
By using tenfold diluted inocula the lag period 
before any increase in infectivity in the fluid remained 
constant at 5 hours, until only 103 ID50 were used as 
inoculum, when the period increased. In the membrane 
7 however 10 ID50 inoculum yielded detectable virus after 
five hours whilst lower dilutions showed increases after 
~ hours incubation. Haemagglutinin was detectable after 
only the first two inocula which were undiluted and ten-
fold diluted allantoic flUid, and indicated ratios of 
5.7 6 6 5 2· 50 8 10 and 10 • , and 10· and 10 in the fluid and 
membrane 
1.31 
1,,30 - 1.31 
respectively. It should be added that Henle uses twice 
the concentration of cells as used in this study, and 
therefore the ID-IrA ratios can be compared directly only 
after halving his, i.e. after subtracting 0.3 from their 
logarithms. 
Von Magnus (195la) later studied the conditions 
for optimal production of the PR8 strain of influenza 
virus in the developing chick embryo. Experiments 
deSigned to determine the concentration of inoculum 
which would yield the highest titre of virus, revealed 
again the formation of high titre haemagglutinin yet low 
infectivity for mice after the inoculation of undiluted or 
-1 10 diluted allantoic fluid. 0.1 - 0.2 m1 of 10 fold 
dilutions of infected allantoic flUid, harvested at the 
time of maximum activity, were inoculated into groups 
of 9-13 day eggs. After incubation for various intervals 
of time, 5 eggs were removed from each group, and their 
allantoic fluids titrated for haemaggllltinin content 
and infectivity for mice. 
These growth curves showed that the titres 
reached their peak in a shorter time the higher the 
concentration of virus inoculated. However the eggs 
inoculated with undiluted or 10-1 diluted inocula 
yielded virus '<1hich at its peak of activity had 
an infectivity for mice 10-100 times lower than eggs 
inoculated with dilute inocula. This effect was en-
hanced if these fluids were passaged in series un-
diluted, the infectivity falling to a very low level 
whilst the haemagglutinin remained almost the same 
as in continued passage of dilute inocula. 
Von Magnus (195lb), in his second paper in 
this series, described in great detail experiments 
designed to elucidate the phenomenon, described 
earlier (1.31), of the divergence between the development 
of infectivity and haemagglutinin in serial passages of 
undiluted influenza virus in the allantoic cavity of 
chick embryos. His standard passage technique consisted 
of 0.2 ml of a 10-6 dilution of allantoic fluid, inocu-
lated allantoically into 11-12 day eggs, incubated for 44 
o hours, at 37 C, followed by chilling and harvesting. 
Using this standard passage technique von 
Magnus harvested groups of eggs at various intervals of 
time after inoculation, such that all eggs were 13 days 
when harvested, and performed infectivity and haemaggluti-
nin tests on all fluids. He used two stocks of PR8 
and did seven experiments using one of them after 
different numbers of egg passages. None of the stocks 
showed gross differences, and he could pool the results. 
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Haemagg1utinin was not detectable until 15 hours 
after inoculation, after which time it rose steeply 
till about 26 hours, from when its rate of increase 
dropped slowly, till the maximum was reached at between 
30 and ~O hours. The infectivity for chick embryos however 
rose steeply from the fifth hour onwards to reach a 
maximum at 26 hours. 
The ratio between infectivity (ID) and haema-
gglutinin (HA) remained constant at 106 - 107 during 
the period of viral production, after which the ratio 
fell slowly, as the infectivity decreased. The decrease 
in infectivity was negligible until after ~O hours, and 
it decreased one log10 unit in the next 30 hours, whilst 
the haemagglutinin remained almost unchanged, up till 
after 96 hours incubation. 
Upon serial transfer of from 0.1 to 1.0 m1 of 
undiluted allantoic fluid in 12 day chick embryos, 
vastly different results were obtained. There was a 
progressive decrease in the ID-HA ratio during the first 
three passages, being accentuated by increasing the 
volume of fluid from 0.1 m1 to 1.0 mI, and decreasing 
the time of incubation from 2~ hours to 15 hours. The 
haemagg1utinin content of the fluids during the first 
three passages remained at the same high level as during 
standard passages, but by the fourth and fifth passages 
it had decreased 8 fold. The ID-HA ratio after the 
third passage fluctuated with increasing passage 
number, both haemagglutinin and infectivity contri-
buting to the variation. These results were reproduced 
in the three experiments. 
An experiment was then performed to study 
the rate of development of haemagglutinin and infectivity 
in consecutive passages of Undiluted allantoic fluid. A 
large group of eggs was inoculated with 1.0 ml volumes 
of undiluted allantoic fluid from the 94th standard 
passage. Groups of 5 eggs were harvested at 3 hourly 
intervals, and samples of allantoic fluid were removed 
from each and pooled. The allantoic membranes were also 
removed, washed in saline until no traces of virus could 
be detected in the rinse water, then ground and resus-
pended in 2 ml of buffered saline containing antibiotics, 
centrifuged and the supernatent together with the 
allantoic fluid titrated for haemagglutinin and infect-
ivity for eggs. The mouse infectivity of the allantoic 
fluid was also tested. The age of the embryos used for 
inoculation was such that all eggs on harvest were 13 
days old. Serial passages were made with 1.0 ml of 
the 21 hour allantoic fluid undiluted. 
(a) Allantoic Fluid Results. 
In the first and second passages the first 
1.32 
was 
detectable increase in haemagglutinin/secured at 6 hours, 
whilst an' infectivity rise was first demonstrated 
at 9 hours. Passage 3 showed no detectable increase 
in egg infectivity whilst there was no death in mice 
inoculated with fluid harvested after 2~ hours of 
incubation, but lung 
mice receiving up to 
lesions were still produced in 
-3 -~ 0.05 ml of 10 and 10 inoculum. 
The haemagglutinin titre however showed a 2 fold in-
crease after 3 hours and reached a maximum titre at 
about 9 hours which was only 2 fold lower that standard 
passage virus. PasEage ~ showed no significant increase 
in either haemagglutinin or infective virus. Passage 5 
gave a definite increase in infective and haemagglutin-
ating virus between 6 and 15 hours, the egg infectivity 
tit " f 10-3•2 t 10-6 •8 h'l t' ' re r~s~ng rom 0 , W ~ e ne mouse ~n-
-1.3 -3.2 fective titre increased from less than 10 to 10 , 
-0.8 -1.7 
and the haemagglutinin content from 10 to 10 • 
The 6th passage again yielded a slight increase in 
virus titre, but the final yield was still lower than 
in standard passages. Passage 7, again yielded fluids 
of low ID-HA ratio, as in passage 3. 
(b) Allantoic Membrane Results. 
The results of infectivity and haemagglutination 
titrations of membrane suspensions showed an even greater 
reduction in ID-HA ratio than in the allantoic fluid. 
1032 
Throughout passages 1-4, the membrane haemagglutinin 
titre was about 1.5 log units lower than that of 
10 
the fluid, during the first 3 hours. From the third 
hour onwards, each passage showed a rise in haemaggluti-
nin titre in the membrane; 2.7 loglO units in passage 1 
up to 10 hours, accompanied by an increase of 2.0 loglO 
units in egg infective virus. The fluid during the 
s.ame time increased 1.3 loglO units of haemagglutinin, 
and 1.3 log units of egg infective virus. This early 
. 10 
rise in haemagglutinin content in the membranes was not 
paralleled by a rise in the content of infective virus, 
and ID-HA ratios of the membrane suspensions at 10 
hours were one loglO unit lower than in the allantoic 
fluid at the same time in the 1st and 3rd passages. 
Passage 5 showed the same increase in both 
infective and haemagglutinating virus in the membrane 
as in the allantoic fluid, the ID-HA ratio rising from 
2.0 at 5 hours, to 3.1 at 10 hours, to 4.1 at 15 hours, 
and 3.1 at 20 hours. Passage 6 again shows low ratio 
virus formed, being 2.0 at 10 hours. 
The same phenomenon of fluctuation in the ID-
HA ratio during the serial passaging of undiluted fluid 
in eggs, was found to occur in the membrane as in the 
allantoic fluid. Passage 5 showed the greatest increase 
in virus production between 5 and 20 hours, in both 
1032 - 1.33 
membrane and fluid, again though the membrane ratio 
was 1 unit lOiver than that of the fluid. 
1.33 Biological Properties of Incomplete Viru;. 
Von Nagnus (195lc) used again the same strain 
of PR8 (A) influenza virus to study the properties of 
this incomplete virus described previously (1.31, 1.32). 
(a) Antigenic properties. 
Using the strains FNI (AI) and LEE (B), as 
well as PR8, immune sera were prepared by infecting 
ferrets intranasally with a 10-2 dilution of egg or 
mouse lung virus, and 
weeks. The sera were 
bleeding the animals after 2 
o 
stored at -10 C after inactivation 
at 56°C. An immune serum was also prepared against a 
2nd undiluted passage fluid. Antigens, prepared by 
the Ilstandard passage" technique and 2nd undiluted 
passage virus, were tested against homologous and 
heterologous antisera and normal ferret serum in an 
agglutination-inhibition test. The different antigens 
of PR8 were inhibited specifically and to the same extent 
by the homologous antisera, whilst the heterologous 
and normal antisera had no effect. 
Mouse neutralization tests using sera from 3 
rabbits injected l~ days earlier with standard passage 
and 2nd and 3rd undiluted passage virus res~ectively, 
1.33 
3 were performed using 10 ML50 mouse lung virus. Equal 
volumes of active virus were mixed with serial two-
fold dilutions, of rabbit serum, incubated at room 
temperature for 30 minutes and then 0.5 m1 volumes 
inoculated into groups of 5 mice each. The mice were 
observed for 11 days, after which time their lung 
lesions were recorded and the endpoint of the titra-
tion calculated as 50% mortality. Each of these 
sera neutralized the virus to an equal degree. 
The potency as vaccines of standard passage, 
and second and third undiluted passage virus was then 
tested in mice. Each preparation of allantoic fluid 
was concentrated by centrifugation, formolized, and 
inoculated into groups of mice. Two doses of 0.5 m1 
of vaccine were injected intraperitoneally at intervals 
of 1 week, and 14-16 days after the first inoculation, 
sub groups of 5 mice were inoculated with serial 10 
fold dilutions of infective virus. The protection 
afforded by each vaccine was calculated and it was 
found that third passage virus was only slightly in-
ferior to second Passage virus in this respect. The 
protection afforded was virtually proportional to the 
amount of haemagglutinating antigen used for immunization, 
and the incomplete virus induced immunity to the fully 
active virus. 
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In a further experiment formolized prepar-
ations of standard passage and first, second, third 
and fourth undiluted passage, were used for intra-
peritoneally immunizing mice and challenging with 
graded doses of infective virus. The protection 
afforded again paralleled the haemagglutinin content 
rather than the original infectivity of the prepar-
ations, and a steep rise in protective capacity of 
each preparation occurred with rise in haemagglutinin 
content. A single dose of vaccine prepared from 
standard passage and third undiluted passage virus 
harvested after various intervals of incubation, 
given 14 days before challenge with active virus, 
showed that third passage fluid was slightly infer-
ior as a vaccine to standard passage fluid. The 
difference however was hardly significant. 
(b) Infecting properties. 
Suspensions of standard and 2nd and 3rd 
passage allantoic fluids containing the same haemaggluti-
nating titre were diluted similarly such that 0.2 ml of 
the standard virus caused infection of the allantois, 
and allantoic inoculations made of each preparation. 
Second and third passage virus failed to cause infect-
ion whilst standard passage virus did, as judged by the 
haemagglutination reaction. 
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Von Magnus then tested the possibility 
that eggs giving a negative haemagglutinin reaction 
when tested in infectivity tests may contain very 
small amounts of infective virus, insufficient to 
cause visible agglutination. Fluids from these 
negative eggs were passaged undiluted and in low 
concentrations in fresh eggs and incubated for a 
further 72 hours. These eggs were never found to 
contain haemagglutinin nor were mice infected when 
inoculated intranasally with these negative fluids. 
The same held for mice inoculated with standard and 
third passage virus in lO-fold dilutions. Only those 
dilutions of virus which had produced lung lesions 
in mice after 3 days provided protection against 
active challenge virus given 3 days after initial 
inoculation. 
(c) Enzymic properties. 
In order to test the possibility of a de-
ficiency in the enzymic mechanism of the incomplete 
virus, the adsorption-elution rates were studied 
using chicken red cells. Virus preparations from 
standard and first, second and third undiluted passages 
were prepared, and mixed with chicken red cells to a 
concentration of 1.5%, allowed to stand at room tempera-
ture for 60 minutes, and then transferred to 37°C. 
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Samples of supernatent fluid were removed at various 
intervals of time, spun to remove the red cells, and 
then titrated for haemagglutinin content. A control 
sample of saline plus the virus fluid was treated 
in the same way and the titre remained unchanged. 
None of the preparations tested showed any difference, 
from the others, the virus being adsorbed within the 
o first 5 minutes, and then gradually eluted at 22 C, 
o 
till after 2 hours at 37 C almost complete elution 
had occurred. Red cells which had been exposed to 
one virus preparation, and thus lost the capacity to 
be further agglutinated by that form were also in-
agglutinable by the other. 
The ability of these virus preparations to 
agglutinate fowl and guinea pig red cells was tested, 
and no difference in the FIG ratio could be found. 
Each of the preparations agglutinated the different 
types of cells to approximately the same titre. 
1.34 Conditions detetmining the fotmation of incomplete virus. 
Von Magnus (1952) described experiments 
designed to elucidate the factors involved in the 
formation of incomplete virus. 
(a) Role of concentration of inoculum 
The first experiments reported were carried 
out by inoculating chick embryos with fluids from 
standard, first, second or third undiluted passages, 
and plotting growth curves of each. The haemagg1utinin 
content and infectivity titre in mice or eggs, and 
the mouse protection titres are recorded. The immUn-
izing capacities of the various passages were found 
to confirm earlier results (1.33a) which showed that 
vaccines prepared from preparations of incomplete 
virus were only slightly inferior to those prepared 
from fully active virus, providing the haemagg1utinin 
titres were the same. 
Each of these preparations produced fluids 
of lowered infectivity when inoculated undiluted into 
chick embrYOS, and fluids which contained virus of 
high infectivity when inoculated at high dilutions 
}f. 6 (10 or 10- ). 
To determine quantitatively the effect of 
concentration, 0.5 m1 amounts of first and third un-
diluted passage fluids were inoculated. Samples of 
fluid were taken every 2~ hours, and the infectivity 
for eggs and haemagg1utinin content were determined. 
The third passage fluid. contained the same amount of 
haemagglutinin, but 250 times less infective virus 
than the first passage fluid. Von Magnus concludes 
that "mainly incomplete virus was produced in embryos 
, 
following inoculation with undiluted or tenfold 
diluted seed, while the 10-2 and 10-3 diluted inocula 
resulted in the formation of fully active virus". 
In another experiment allantoic fluid har-
vested at various intervals of time after the inocu-
lation of standard passage virus was inoculated into 
eggs. The haemagglutinin content and infectivity for 
mice of the fluids of these subcultures was tested at 
closely spaced intervals. 
It was found that fluids harvested up to 
and including 6 hours yielded fully active virus on 
sub-culture in further chick embryos, in which a 
parallel increase in infectious and haemagglutinating 
virus occurred. Fluids harvested later than 6 hours, 
that is, after an increase in non-infectious virus had 
occurred, yielded incomplete virus on inoculation into 
eggs ,undiluted. Allantoic fluids harvested during the 
first 12 hours incubation of 12, 15 and 24 hour fluids 
showed a steep decline in the infectivity for mice 
whilst the haemagglutinin content rose steeply. The 
haemagglutinin reached comparable levels in all sub-
cultures, with a twofold decrease in 50 and ~O hour 
sub-cultures. 
Further experiments with gradocol filtration 
did not separate an agent foreign to the virus particle 
from preparations of second passage fluids. 850 ~ 
pore diameter.membranes passed the virus and resulted 
onsubpassage in the formation of incomplete virus, 
whilst filtrates after the passage through 160 ~ 
membranes showed low virus content and yielded fully 
active virus on subpassage. Seitz filtration experi-
ments produced the same results. 
High speed centrifugation (of second passage 
fluid), of which no detai~s were given, resulted in 
the supernatent fluid yielding fully active virus, 
whilst the resuspended sediment and the original fluid 
when passaged undiluted in chick embryos yielded in-
complete virus. 
Allantoic fluid on storage at ~oc sometimes 
contained a precipitate which removed some of the virus, 
thus, the effect of adsorption and elution from red 
blood cells on the ability of virus to form incomplete 
virus was tested. Second passage allantdic fluid was 
adsorbed with varying concentrations of chicken red 
cells at ~ °c for 15 minutes after 15 minutes at room 
temperature, and eluted into saline for 1 hour at 
35°C. The supernatents after adsorption and elution, 
and the original fluid were passaged undiluted in 0.1 ml 
amounts in eggs. Again fluids containing large amounts 
of virus induced the formation of incomplete virus, 
and those from which the virus had largely been re-
moved yielded fully active virus. 
(b) The role of the proportion of fully 
active tg ingomplete virus in the inoculum_ 
Von Magnus (1952) studied the role of the 
proportion of fully active to incomplete virus in the 
inoculum in the production of incomplete virus. He 
inoculated standard passage and third passage virus 
undill1ted and diluted 10-3 , in 0.5 ml volumes, into 
groups of 12 and 13 day eggs, harvested groups of 5 
after various intervals of time and tested the allantoic 
membranes for haemagglutinin and egg infective virus 
content. The haemagglutinin content of the membrane 
suspensions harvested after the inoculation of undiluted 
third passage virus, showed a 40-fold lower yield after 
24 hours than given by undiluted standard passage virus 
or the dilute inocula. The ID-HA ratio after undiluted 
third passage inoculum was lower by a factor of 500 
than the standard passage yield if measured after 10 
hours incubation. Third passage fluid diluted 
1/1000 yielded the same high ID-HA ratio virus 
as diluted standard passage virus. 
In order to determine if any parallelism 
existed between the "inhibition" by incomplete virus 
-
observed in mouse lung (1.6), and the multiplication 
of virus in the chick embryo, experiments were carried 
out along similar lines in eggs. By previous inocula-
tion (1 hour earlier) of chick embryos with large 
doses of incomplete virus from third passage culture, 
followed by graded doses of active virus, von Magnus 
found that this large amount of incomplete virus in-
hibited the multiplication of 10-3 standard passage 
virus, and to a lesser extent virus diluted 10-2 and 
10-1 , whilst the haemagglutinin yield following un-
diluted standard passage virus was unaltered, as 
evident from allantoic infectivity and haemagglutinin 
titrations. In all cases, the ID-HA ratios of the 
suspensions showed the formation of incomplete virus. 
Experiments, of which the details are not 
given, are reported as indicating the same phenomenon 
when graded doses of fully active virus were inoculated 
simultaneously with large doses of incomplete virus. 
Results of experiments in which the time interval 
between inoculations was studied are reported as 
indicating that up to 4 hours afterwards a large 
dose of fully active virus would influence a large 
dose of incomplete virus in the same way as above. 
However intervals of more than 4 hours were in-
effective. 
It was also stated that large doses of 
incomplete virus were without effect when inocu-
lated into eggs initially inoculated with large 
doses of fully active virus. 
(c) The role of route of inoculation and 
temperature of incubation. 
0.5 ml of undiluted second passage allan-
toic fluid was inoculated allantoically or into the 
yolk sac of developing chick embryos, and the allan-
toic fluids tested at different times for virus con-
tent. Titrations showed that virus of low infect-
ivity and high haemagglutinin was formed in the 
allantoic cavity, whilst titrations of the allantoic 
fluid after yolk sac inoculation showed the formation 
of highly infective, standard virus. In the latter 
experiment haemagglutinin was not detectable till the 
20th hour, whilst after allantoic inoculation a titre 
_2 
of 10 was demoustrable immediately after inocu-
lation. Since incomplete virus production was tested 
in the allantoic fluid, w.hereas inoculation was made 
into the yolk sac, the virus could have reached the 
allantoic cavity only by an accident of inoculation 
or after passage from the yolk through the embryo 
into the allantoic cavity. Since in either case 
only a minute fraction of the dose inoculated could 
have reached the allantois, it appears rather mean-
ingless to assert that no incomplete virus was 
formed under these conditions, since the test was 
concerned with a side effect of inoculation. 
The incubation of eggs at 320 C instead of 
the usual 370C, resulted in the same ratio of infective 
to haemagglutinating virus being reached after 40 hours, 
but the virus grew more slowly at 320 than at 370 C. 
The ID,.:HA ratio was practically the same in each case. 
1.35 
1.35 Incomplete virus production by the I,-fjJij strain or 
influenza B. 
Von Magnus (1953) reviewed the field of 
incomplete virus formation. Beyond his theoretical 
discussion the only new experimental details he 
reported concerned the use of the LEE strain of 
influenza virus in serial passage experiments. 
He used 1.0 ml volume~ of undiluted allantoic fluid 
inoculated allantoically into embryonate eggs. 
Allantoic fluid harvested after 18 hours was re-
passaged undiluted into fresh batches of eggs. All 
fluids were tested for haemagglutinin and infectivity 
in eggs and their ID-HA ratios were calculated. 
Standard passage fluid had an ID-HA ratio 
of 5.7. First and second passage fluids showed ratios 
of 5.4 and 5.1 respectively, the haemagglutinin titre 
of the fluids remaining the same as atandard virus. 
Passages 3, 4 and 5 showed ratios of 4.9, 4.4 and 
2.6 respectively, with again the same haemagglutinin 
content. A twofold decrease in haemagglutinin titre 
in passage 6 accompanied a drop of 1.4 10glO units of 
infectivity. From the seventh passage onwards the 
haemagglutinin content dropped to 0.3 10g10 units 
per ml, but passage 10 showed a HA titre of 2.0 and 
passage 11, 3.6 10glO units per ml. Twenty passages 
were carried out and similar fluctuations obtained 
as described above. Thus about every eighth passage 
haemagglutinin could not be detected whilst an 
4.0 7.0 infectivity of between 10 and 10 was obtained. 
Following, in the next passage the fluid harvested 
showed an increase in both haemagglutinin and in-
fectivity, resulting in ratios almost equivalent to 
full, active virus (5.8), which fluids on repassage 
undiluted followed the above pattern. 
Von Magnus (1954) published a further review 
of the incomplete virus field, without significantly 
adding to the facts already known. Using 6th undiluted 
passage LEE allantoic fluid inoculated into chick 
embryos at varying intervals before the challenge 
dose of active LEE, von Magnus showed that the es-
tablishment of interference was not instantaneous. 
Fazekas de St. Groth, Isaacs and Edney (1952) previous-
ly reported this fact for heterologous interference 
(2.27). A maximum decrease in virus yield was detect-
ed when 18 - 2~ hours had elapsed between the inter-
fering and challenge inocula. He also examined the 
yields obtained from a large number of different un-
diluted LEE seeds for their content of incomplete and 
active virus. There was a zone in which predominantly 
incomplete virus was formed, after fluids of haemag-
glutinin content greater than 2.~ AD's and of in-
fectivity between 5.6 and 8.6 (all values being 
10glO units). 
Thus 
HA ID50 Yield 
-
2.~ 8.6 Complete virus 
2.~ 5.5, 8.6 Incomplete virus 
2.~ 5.5 No increase 
2.~ 2.8 complete virus 
From these results von Magnus concluded that 
the composition of the yield depends upon both the 
concentration and the composition of the seed virus. 
Another experiment was performed, which 
demonstrated a difference between artificially 
rendered non-infectious haemagglutinating virus and 
incomplete particles. A standard passage LEE allan-
toic fluid was partially heat inactivated at 370C 
and passaged undiluted in eggs (i), in parallel with 
the original virus (ii), and fluid from the fourth, 
undiluted passage of LEE (iii), which contained the 
same amount of infective and haemagglutinating virus 
as (i). The results showed that (i) yielded fluid of 
ID-HA ratio lO~·8, 
(ii) yielded fluid of ID-HA ratio 105•5 
(iii) yielded fluid of ID-HA ratio 102•0• That 
some fundamental difference between (i) and (iii) 
was demonstrated here was obvious. 
1.37 Tij§ Quantitatiye determination of conditions of in-
Complete virus production. 
Cairns and Edney (1952) published results 
of an experiment calculated to determine what number 
of particles taken up by a cell was necessary for 
the production of non-infectious haemagglutinating 
particles. One assumption was made; namely, that 
lithe average yield of virus per cell is not related 
, 
to ",the number of infective particles taken up, until 
a critical number is reached, beyond which there is 
complete suppression of yield". 
A carefully controlled experiment was per-
formed in whic~ 0.5 ml of twofold dilutions of fresh-
ly harvested PR8 infected allantoic fluid was inoculated 
into twelve-day eggs. Previously these eggs had been 
washed with saline in order to remove the normal 
allantoic fluid haemagglutinin-inhibitor (Svedmyr, 
19~7) and a known amount of fluid had been injected 
into each egg. Sufficient RDE was added after two 
hours at 35°C to remove all unabsorbed virus, abd 
after a further two and a half pours this fluid was 
1.37 - 1.38 
removed and 5 ml of saline containing 10% horse 
serum and antibiotics was added. Samples of fluid 
taken ten and a half hours after infection were 
tested for haemagglutinin and infectivity in chick 
embryos. These results for the first cycle yield 
were plotted against the number of agglutinating 
doses of virus taken up by the eggs. 50% viro-
pexis time (Fazekas, 1~8) had been determined pre-
o 
viously for PR8 at 35 C to be two hours. The five 
largest inocula produced haemagglutinin to the same 
degree as was found during passaging of diluted 
virus after forty eight hours, so that the full 
yield was being reached. The curve for the haemag-
glutinin yield so obtained fitted the theoretical 
curve based on the Poisson distribution. 
The yield of infectivity reached a maximum 
when only 1% of the oells was infected - that is, at 
a multiplicity of 0.01. Larger inocula produced no 
increase in the first cycle yield of infective virus, 
though haemagglutinin was being produoed till all 
cells were infected (multiplicity greater than 10 
particles per cell), when a maximum was reached. 
1.38 Rate of release of incomplete and fully active virus. 
It has frequently been reported, by deter-
1.38 - 1.39 
mining the time of first appearance of infective 
and haemagglutinating virus, that the latter is 
produced before infective virus (Henle, Henle and 
Rosenberg, 1~7; Hoyle, 1~8; Henle and Rosenberg, 
1~9; Hoyle, 1950; Liu and Henle, 1951a, 1951b). 
However, the only true method of expressing such 
results is to express the absolute figure obtained 
at any time in terms of the total first cycle yield -
that is, as a proportion of the final yield liberated 
over the whole cycle. Cairns (1952) determined the 
amount of haemagglutinating and egg infective virus 
formed during successive half hour periods, and 
expressed each as a percentage of the total yield 
at 10 hours, after which the liberation of both 
haemagglutinin and infectivity was past its maximum. 
Readsorption of the virus was prevented by treating 
the allantoic wall with RDE from 2 hours after 
infection onwards. It was found that at no time 
was there any significant tendency for one to show 
"higher proportionate yields" than the other. The 
same results were found in the allantoic membrane. 
1.39 Physical and chemical properties of incomplete virus. 
(a) Sedimentation Constant. 
Since the recognition by von Magnus (1.21) 
of a fundamental difference in the yield 
virus following the passage of high concentrations 
of seed, some experimental work reported several 
years before has taken on a new significance. Thus 
the lowered infectivity of allantoic fluid following 
serial passages using undiluted fluid described by 
Henle and Chambers (1.11), Nigg, Crowley and Wilson 
(1.12), Nigg, Wilson and Crowley (1.13), Miller (1.16), 
could be attributed to the formation of non-infectious, 
haemagglutinating, i.e. incomplete, virus. The work 
of Friedwald and Pickles (1.17) is also brought into 
prominence by the possibility that the two components 
found in preparations of PR8 allantoic fluid, one 
associated with infectivity and haemagglutinin (700S) 
and one with haemagglutinin alone (4608) may represent 
complete and incomplete virus particles. 
The work of Gard and von Magnus (1.2~) 
would seem to confirm this, showing the presence of 
two major components in preparations of infected 
allantoic fluid, the more slowly settling one 
increasing markedly in proportion to the heavier 
component when the proportion of incomplete virus in 
the preparation increased. They also attribute 
greater viscosity to incomplete virus. 
Preparations of standard passage Stockholm 
strain and third undiluted passage Copenhagen strain 
were mixed and the sedimentation diagrams determined. 
1.39 
Each preparation was fo~d to retain its integrity 
and the two components were detected. The sedi-
II 
mentation constant of the slower component/was un-
altered at 3~3S, whilst that of the faster component III 
decreased from 697S to 630S. This could be accounted 
for by the viscosity of the third passage fluid .10 
which the standard virus sedimented. 
Sedimentation runs were made on virus 
preparations prepared after varying intervals of 
incubation. Again a standard passage and second 
undiluted passage preparation were examined. Standard 
passages showed the liberation of components II and 
III in equal quantities after 30 hours, and this 
proportion altered to ~0:60 respectively after 72 
hours incubation. Second passage fluid showed first 
detectable virus after 12 hours, when only component 
II was present. This component was inhomogeneous; 
traces of two other components being detected of 
which sedimentation constants could not be determined. 
It was found that component II showed con-
siderable inhomogeneity. On serial undiluted passaging, 
there was a tendency for even slower sedimenting com-
ponents to appear, constants ranged from ~30S to 675S. 
The LEE strain of influenza B showed a 
1.39 
similar phenomenon. A slower component increased 
in concentration upon serial undiluted passages, 
though not as quickly as the PR8 preparations. 
Thus the faster component decreased from 8948 to 
822S to 725S, whilst the slower component decreased 
from 6~ to 602S to ~23S in standard, second and 
third passages. 
The effect of heat inactivation upon the 
o 
rate of sedimentation was studied. Heating at 65 C 
for 15 minutes did not alter the sedimentation 
diagram of the PR8 Stockholm strain. 
(b) Size and stability. 
Von Magnus (1951) states findings of pre-
liminary experiments in which incomplete virus was 
found to pass or fail to pass Gradocal membranes 
and Seitz filter pads together with standard virus. 
Centrifugal experiments also failed to separate the 
two particles, but more extensive studies revealed 
differences (1.25). 
The heat stability, effect of storage at 
o 0 ~ and -76 C, the action of formaldehyde and 
merthiolate, and effect of drying, was indistinguish-
able on the two preparations of virus. 
~c) Inhibition destrOYing capacity. 
Svedmyr (1~8) studied the capacity of 
various preparations of infected allantoic fluid 
to destroy the haemagglutinin inhibition present 
in normal allantoic fluid, Svedmyr (1947). Using 
the PR8 strain of influenza virus he prepared 
standard passage and third, fourth and fifth un-
diluted passage fluids. Samples of each virus 
preparation were then incubated with normal allan-
toic fluid at 3700. After 0, 3 and 23 hours samples 
of the mixtures were taken, and tested for residual 
inhibitory titre. He found that there was virtually 
no difference in the inhibitor destroying capacity 
of the fluids, the destructive ability varying with 
the haemagglutinin content. Passage 4 was slightly 
less effective, having a haemagglutinin content 0.3 
10glO units per,ml lower than the other passages. 
Thus incomplete virus possesses the same enzymic 
activity as fully active virus. 
(d) Lipid content. 
Uhler and Gard (1954) following results 
communicated to them by BirCh-Anderson and Svedmyr, 
which indicated that using the electron microscope, 
no significant difference in the size of complete 
and incomplete virus particles were demonstrated, 
analysed preparations of PRS infected allantoic 
fluid for lipid content. The lower sedimentation 
constant of incomplete particles reported by Gard 
and von Magnus (1.2~) could thus not be accounted 
for by differences in particle size, and a lower 
density was assumed. Two possibilities, that of 
greater hydration of the incomplete particles, and 
differences in the chemical composition could account 
for these results. Preparations of standard and third 
undiluted passage virus were analysed for lipid con-
tent. Differential centrifugation and dialysis 
were used to purify the virus, and after drying to 
constant weight, lipid was extracted by the Soxleth 
method using ethanol-ethyl ether (3:1), and after 
drying, the extractable material was weighed. The 
lipid extracted was correlated with the ID-HA ratio 
and these workers reported that; 
Batch I Standard virus, ID-HA ratio 6.1 loglO units 
contained 29% lipid, 
Batch II Standard virus, ID-HA ratio ,.0 loglO 
units contained 36% lipid, 
Third passage standard virus, ID-HA ratio 0.3 
loglO units, contained ~% lipid. 
These results indicated a trend towards increasing 
lipid content With decrease in ID-HA ratiO, being 
indicative of increasing concentration of in-
complete virus. Although only three experiments 
were reported, these workers suggest this increase 
in lipid content represents a change in the chemical 
composition of influenza virus upon continued un-
diluted passage, and is in line with previous reports 
of decreased sedimentation rates of this virus. 
Ada et ale (person&l communication) 
failed to repeat Uhler and Gard's results on the 
lipid content of incomplete virus, and could find 
no correlation between lipid content and sedimen-
tation constant. They ascribe incomplete virus 
particles a greater degree of hydration than fully 
active virus, and consider from preliminary electron 
microscopic studies, that the incomplete particle is 
somewhat larger than the active unit. 
(e) Nucleic acid content. 
Ada and Perry (1955> analysed preparations 
of standard and incomplete influenza virus for nucleic 
acid content. Preparations of PR8 were purified by 
adsorption on to, and elution from human red blood 
cells followed by two cycles of differential centri-
fugation. The virus was then preCipitated with tri-
chloracetic acid and after overnight dialysis, dried 
in vacuo. The rllbonucleicacld content was estimated 
1.39 
by measuring ultraviolet adsorption, at 260~ , 
of a hot 10 per cent sodium chloride extract of 
the defatted virus. The ID-HA ratios were cal-
culated and varied from 106•5 to 103•2 • Values 
of about 0.8% r~bonucleicacid were obtained for 
standard, 0.65% for second and 0.~5% for third 
undiluted passage virus. There was a considerable 
spread in the results and these workers attribute 
this to seasonal variations in the eggs used. 
However despite these variations there seemed to 
be some trend indicating a decrease in nucleic 
acid content corresponding to a fall in ID-HA 
ratio. Incompleteness is thus attributed to a loss 
of a small number of genetic units. No difference 
in the proportion of bases was detectable, when 
chromatographic studies were carried out on 
6.5 preparations with ID-HA ratios varying from 10 
to 10~·2. 
1.1t - l.ltl 
The Formation of IIIncomplete" Virus in 
, , 
De-embrYonated Eggs. 
In 19lt9 Bernkopf described the growth of 
influenza virus in de-embryonated eggs. He used llt-15 
day old developing chick embryos, cut off the shell 
surrounding the air space and aseptically removed the 
contents of the egg, leaving intact only the chorio-
allantoic membrane. The eggs were then washed with 
cold isotonic saline, drained and filled with Tyrodets 
solution containing a known amount of virus. The eggs 
were sealed with rubber caps and placed on a roller 
o 
machine, at 37 C. Fluid could easily be removed from 
the eggs by piercing the rubber caps with the needle 
of a syringe. 
He used the PR8 strain of influenza A and 
inocula of 20 mI. Haemagglutinating and infective 
virus could be demonstrated to increase in titre and 
its specificity confirmed with serum specific against 
Type A influenza. In order to test whether this method 
could be used to detect small amounts of virus, infect-
ivity tests were carried out in parallel using the allantoic 
and the depembryonated egg techniques. Bernkopf states 
that the infectivity titre in the latter eggs was always 
1.41 - 1.42 
higher than by the conventional technique, an 
average of four experiments showimg an average differ-
ence of 1.57 loglO units. However the size of the 
inoculum introduced was 200 times greater in the de-
embryonated eggs, than in the whole eggs, which indi-
cates a 6-fold decrease in titre. Haemagglutinin 
yields in de-embryonated eggs were 2-fold lower than 
in whole eggs, when using 10-20 ml of fluid. 
Bernkopf (1950) studied the yield of heamag-
glutinating and infective virus in de-embryonated eggs 
after the inoculation of varying amounts of virus. 
Twenty m1 volumes were used containing various dilut-
ions of PR8 infected allantoic fluid and samples removed 
after 0, 5, 8 and 24 hours were titrated for haemaggluti-
nin and infectivity in whole eggs, using tenfold dilution 
steps. These time intervals were not small enough to 
follow accurately the growth of virus 
picture was conclusive. Twenty ml of 
but the overall 
-1 
a 10 dilution 
10.7 
of 18-24 hour allantoic fluid, containing 10 EID, 
50 
showed an increase in haemagglutinin content of 4-fold 
by 8 hours, increasing to 8-fold by 24 hours, whilst the 
infectivity decreased 5-fold. A similar inoculum of 48-
10 hour allantoic fluid, containing 10 EID yielded 
50 
6-fold increase of haemagglutinin, and 10-fold decrease 
in infectivity. 
5.8 9.5 
Dilute inocula (10 to 10 EID) with 
50 
a low haemag'glutinin titre yielded at 24 hours 
11.2 
10 EID50 ' with corresponding increase in haemag-
glutinin. By washing the de-embryonated eggs l~ 
and 2 hours after inoculation, Bernkopf showed that 
the production of low-infective, high-haemagglutin-
ative virus was a result of multiplication and not 
residual virus left in the fluid. Tests on the 
membrane itself showed the formation of virus of 
the same properties as in the fluid. 
This fluid of high haemagglutinin, low-
infective virus content was passaged undiluted three 
times in de-embryonated eggs, ~d the eggs washed 2 
hours after inoculation. Titres after 24 hours in-
cubation indicated that an initial log ID-HA ratio 
of 3.8 from a seed containing 1010 EID50' fell on 
passage to 2.4, which on further passage rose to 6.3, 
and in the fourth passage to 6.4. 
Fluid from the first undiluted passage 
when inoculated into mice resulted in 9 out of 50 
deaths; standard passage inocula killed 100% of mice 
inoculated. However 20 of the surviving mice were 
challenged with an inoculum of PR8 infected mouse 
adapted fluid, and all were resistant to a dose which 
killed 13/20 normal mice. 
Hanig and Bernkopf (1950) studied the 
sedimentation rates of influenza virus particles formed 
after the inoculation of concentrated and dilute seed 
in de-embryonated eggs. Results with embryonate egg 
allantoic fluid yielded after high and low concen-
trations of seed, indicate the presence of two princi-
pal components,(Friedwald and Pickles, l~; Lauffer 
and Miller, l~; Taylor et al., 1~3; Stanley, l~b; 
Gard and von Magnus, 1~7). It is generally accepted 
that the heavy component (600 S) possesses infectivity, 
whilst the haemagglutinin resides also in the more 
slowly sedimenting component (~OO S). 
Virus preparations yielded after the inoculation 
of de-embryonate eggs with dilute and concentrated 
inocula each showed a single, though not the same, 
principal component. Fluids harvested after a dilute 
inoculum showed one component of 63~ S, which possessed 
both high infectivity and haemagglutinin. De-embryonate 
eggs inoculated with high concentration seed virus 
yielded fluid which on ultracentrifugation sedimented 
with a sedimentation constant of approximately ~80 S. 
This possessed haemagglutinative activity equal to the 
but was 
630 S component/of very low infectivity. 
1.44 Daniels,Eaton and Perry (1952) confirmed 
the results of Bernkopf (1.41, 1.42, 1.43) ~ing de-
embryonated eggs in which to grow influenza viruses. 
These workers used a balanced salt solution (Hanks and 
Wallace, 1949) plus glucose, as diluent and demonstrated 
the formation of incomplete virus by PR8 after concen-
trated inocula (10 ml of fluid with infectivity of 
5 1.9 10 .7 EID50). ID-HA ratios of 10 being obtained in 
_4 
contrast to the yield of fluid diluted a further 10 , 
which gave ratios of 105•0• The addition of glucose 
did not greatly increase the yield of virus after con-
centrated inocula, but after dilute inocula haemag-
glutinin was increased 10 - 100-fold, whilst infectivity 
increased lOOO-fold with the addition of glucose. 
The same result was obtained at 48 hours using the 
chick-embryo tissue culture method for influenza 
virus growth. The effect of glucose deprivation could 
be reversed by the addition of glucose to de-embryo-
nated eggs at 48 hours, and to tissue cultures as late 
as 5 days after injection. 
Burnet, Lind and Stevens (1954) studied in 
de-embryonated eggs the yield of haemagglutinin after 
7 and 22 hours following inoculation of varying doses 
of standard and incomplete virus. They used the WS 
strain of influenza A virus. De-embryonated eggs 
1.45 -
were inoculated with 5.0 ml of fluid containing 
varying doses of virus. One hour later this fluid 
was replaced with fluid containing 200 units of RDE 
per ml, for one hour. After two washes with Ringer 
solution, 5.0 ml of Ringer solution was placed in 
each egg, and incubation continued. At 7 hours the 
fluid was harvested and replaced by a further 5.0 ml. 
Incubation was continued for a further 15 hours, the 
fluid again harvested and titrated for haemagglutinin 
together with the 7 hour sample. The relation of this 
yield to the amount of virus absorbed was shown in a 
graph. Although the doses of inoculating virus were 
widely spaced it appeared that the maximum haemagglutinin 
was formed after the inoculation of fully active virus 
in high concentration. At lower multiplicities the 
yield was proportional to the amount of virus absorbed. 
This same relationship held for 2nd de-embryonated 
2.5 
egg concentrated passage fluid (ID-HA ratio 10 ) 
harvested at 7 hours, but the yield per absorbed inoculum 
was approximately 1/6th that of fully active virus and 
no maximum was reached with the inocula used. 
The 22-hour yields showed a high titre after 
the most virus absorbed (10 agglutinating doses), and 
again after dilute inocula (0.1 AD's), whilst the yields 
after both standard and "incomplete" virus decreased 
to a minimum after absorption of 0.3 - 1.3 AD's. 
These workers used the results of this experiment 
to determine the composition of an infected allantoic 
fluid, thus 
0.08% 
16% 
complete particles 
particles capable of replicating in 
de-embryonated eggs 
88% particles incapable of self-reproduction 
but still interfering. 
No discussion was presented with these results. 
1.5 
1051 
The Formation of "Incomplete ll Virus in 
the Mouse Brain. 
105 - 1.51 
Schlesinger (1950) attempted to propagate 
FR8 and LEE influenza viruses in the brains of mice. 
Before accurate determinations of the haemagglutinin 
content of brain suspensions could be made, each pre-
o paration had to be treated for one hour at 37 C with 
the receptor destroying enzyme (RDE) of Vibrio chloerae 
(Burnet, McCrea and Stone, 1946). This action "un-
masked ll the haemagglutinin from the virus haemagglut-
ination inhibitor (VEI) present in brain tissue 
(Schlesinger, 1949) without destroying its infectivity. 
It was also found that not only NWS, but non-neuro-
tropic WS', PR8 and LEE strains of influenza virus pro-
gressively destroyed VEI in brain tissue. The fact 
that multiplication of these viruses could not be 
demonstrated in mouse brain, and reports of the detect-
ion of complement-fixing antigen, and viral haemaggluti-
nin prior to infectious virus (Hoyle, 1948, Henle and 
Henle, 1949), led Schlesinger to investigate the 
possibility of influenza virus strains, not adapted to 
multiply in the mouse ,brain, "undergoing an incomplete 
cycle of reproduction in which the development of virus 
particles did not proceed beyond the haemagg1utinating 
stage". 
An experiment using WS-N, the WS strain 
adapted for growth in the mouse brain (Stuart-Harris, 
1939, and Francis and Moore, 1940), showed that 
1 6 inocula varying from 10 to 10 LD50 inoculated intra-
cerebrally into mice, yielded mouse brain suspensions 
containing virus of high infectivity and haemaggluti-
nin after 3 days. !he ID-HA ratio of these preparations 
was 6.1, thus being indistinguishable from that main-
tained by the WS strain upon allantoic passage in the 
developing chick embryo. 
intra 
Upon/cerebral inoculation of highly infectious 
allantoic fluid containing PR8 at a titre of 10.2 loglO 
1D50 and 3.9 loglO haemagglutinating units per gram of 
wet brain tissue, no virus was detectable after one 
hour by the haemagglutinin and complement-fixing antigen 
tests, and a 1,000-fold reduction in infectivity was 
found. 
Mouse brains harvested at varying intervals, 
5, 24, 48 hours after inoculation, show a progressive 
decrease in the titre of infective virus. The haemag-
glutinin and complement-fixing antigen titres increased 
from the fifth hour onwards, and at 48 hours the haemag-
glutinin titre was 0.4 loglO units lower than the titre 
of the original inoculum, but the ID-HA ratio had 
fallen from 6.3 for the initial inoculum to 1.75 at 
48 hours. 
Growth curves with brains harvested every 
hour showed no detectable haemagglutinin and comple-
ment-fixing antigen up to 4 hours using PR8 and WS 
strains of influenzq A virus, and then a simultaneous 
rise in titre from 4 hours, till about 9 hours when a 
maximum was reached - after which there was no flITther 
increase up to 24 hours. The LEE strain of influenza 
B virus when inoculated intracerebrally into mice, was 
not detectable until 6 hours after inoculation, after 
which haemagglutinin and compmement-fixing antigen titres 
rose to a maximum at 11 hours, and were maintained at 
this level up to the conclusion of the experiment at 
24 hours. 
This haemagglutinating virus failed to multi-
ply on further passage intracerebrally in mice. Thus it 
appeared similar to von Magnus' incomplete virus, with 
the proviso that although the allantoic membrane could 
support production of fully infectious influenza virus 
after inoculation of dilute seed, this was not the case 
in the mouse brain with non-neurotropic strains of 
influenza virus. 
1.51 
By diluting the PR8 allantoic fluid used as 
inoculum, decreasing amounts of haemagglutinin were 
produced, a dilution of 1/256 causing a fall of 1.8 
log units of haemagglutinin yielded after 48 hours. 
No results for the infectivity of these fluids are 
given. 
This "incomplete" virus, yielded upon multi-
plication of unadapted strains of influenza virus in 
the mouse brain, was found to possess all the properties 
of fully active allantoic fluid virus, with the excep-
tion of infectivity. Thus it adsorbed on to and ag-
glutinated fowl and human type 0 red blood cells; it 
eluted spontaneously, and was removed quantitatively 
from red cells by RDE. Injected into rabbits after 
partial purification, it induced the formation of 
specific haemagglutinin-inhibiting antibody. Centri-
fugation experiments carried out in a sucrose gradient 
failed to demonstrate any difference in size between 
this mouse brain virus and fully active allantoic fluid 
virus. 
Influenza virus produced by the von Magnus 
phenomenon - that is serial passage of allantoic fluid 
undiluted in developing chick embryos - failed to multiply 
when inoculated into mouse brains. Thus the production 
1.51 - 1.52 
of haemagglutinin in the mouse brain was found to be 
dependent on the ability of virus particles in the 
inoculum to infect cells, and self-replicate therein. 
In 1951, Schlesinger published results of 
interference experiments using influenza viruses to 
interfere with equine encephalomyelitis viruses in 
the mouse brain. The fact that influenza viruses 
destroyed VHI present in mouse brain during infection, 
and also interfered with eastern and western equine 
encephalomyelitis viruses, suggested that this sub-
stance may be a common cellular component necessary 
in the establishment of infection by both these 
viruses. 
It was shown that although the influenza 
viruses progressively destroyed this VHI in mouse 
brain as multiplication advanced during infection and 
\lin vitro", the encephalomyelitic viruses showed no 
~ 
activity towards this substance whatever. RDE also 
destroyed VHI in brain tissue. 
Schlesinger found that only fully active 
influenza virus in the form of allantoic fluid could 
interfere with these viruses after inoculation of large 
doses intracerebrally. The capacity of preparations of 
von Magnus virus (1.2, 1.3) to interfere was proportional 
to the infectivity titre of each preparation, and fluids 
from the second, and third undiluted passages showed 
no interfering qualities. "Incomplete
" 
virus prepared 
- -by the single cycle of multiplication of large doses of 
non-neurotropic influenza viruses in mouse brain 
(Schlesinger, 1.51), was incapable of interfering. In.er-
ference by active influenza virus only was due to its 
multiplication during the initial 24 hours, and as above, 
the yielded incomplete virus interfered with the challenge 
virus. 
In a letter to Nature Cairns (1950) described 
the fast· dissemination throughout the body of inocula 
injected intracerebrally into the mouse. Within 5 
minutes of inoculation, only 2-8% of the original inoculum 
could be recovered from the brain, but total recovery 
was made from the whole mouse. Experiments were performed 
using phage and the WS strain of influenza Virus, and the 
same percentages found in each organ for both these 
inocula. 
Henle and Henle (1946) and Vilches and Hirst 
(1947) had observed that only 1-10% of virus inoculated 
into mouse brains could be detected 1-2 hours after 
infectiono 
Five to sixty seconds after inoculation, 15% 
of phage and WS inoculated intracerebrally could be 
detected in the blood. This would account for the sma1l 
amount of virus Schlesinger could detect one hour after 
the inoculation of even higher concentrations of influenza 
virus into mouse brains, and indicated that only a small 
fraction of the virus injected remains in the brain to 
infect. 
1.54 Cairns (1951) studied the growth cycles of 
6 influenza strains in the mouse brain. After 104 ID50 
of neuro-WS had been inoculated, there was an initial 
drop of 1.3 log units, and after 8 hours the original 
titre had been reached. This increase continued up till 
about 30 hours, and then the titre remained constant till 
5 days after inoculation. 
1 After an inoculation of 10 ID50' no virus 
was detectable till 14 hours, and maximum titre was 
reached after 48 hours, and again this titre remained 
constant for 5 days. Infectivity titres reached after 
inoculation of 4 10 ID50 
1 6.5 
or 10 ID50 were the same, 10 
allantoic ID~ per brain. 
yO 
All infectivity titrations 
were performed in the developing chick embryoo 
Growth curves following inoculation of each of 
five other non-neurotropic strains, with infectivity 
titrations being performed at hourly intervals, were 
carried out. WS, PR8, and MEL showed a definite in-
crease between 4-12 hours, NDV at five, and a second 
rise in titre at 11 hours. LEE on the other hand showed 
an initial steep drop followed after 5 hours by a gradual 
decrease in the amount of infectious virus present up to 
18 hours when the experiment was terminated. 
Thus it appears that previous reports of the 
failure of non-neurotropic strains to multiply in the 
mouse brain do not strictly hold, and that a single 
cycle of reproduction does take place, with the formation 
of infective virus. 
Schlesinger (1953a)discussed the terminology 
in use in the "incomplete" virus field in relation to 
~ 
the known properties of virus particles. Taking as his 
basis the phage.host cell system the fact that a virus 
particle is non-infectious is not considered sufficient 
reason for labelling it "incomplete", infectiousness 
~ 
being synonymous with the ability to reproduce. The 
detection of haemagglutinin before infective virus 
during the multiplication process has led to the idea 
that failure of newly formed virus to become infectious 
implies it is developmentally incomplete. Schlesinger 
then reviewed present knowledge to ascertain if a more 
discriminating working hypothesis could be formulated. 
The work of von Magnus (1.2, 1.3) was considered incon-
clusive as far as the question of which particle - the 
active or the incomplete one - initiated infection up-
on the multiple infection of cells which culminates in 
the formation of incomplete virus. 
Several workers have demonstrated a small com-
ponent in preparations of virus, NDV- Granoff et al., 
(1950j, fowl plague virus - Sch~fer and Munk (1952), 
PR8 - Granoff (unpublished), which possesses haemaggluti-
nin but is non-infectious. The much higher ratio of this 
component to large haemagglutinating particles in the 
membrane than the fluid, suggests that this may be the 
non-infectious haemagglutinin reported by Henle (1953) 
to be converted into mature virus on liberation. These 
results, together with those after large inocula report-
ed by von Magnus (1.2), are attributed to the formation 
of two types of non-infectious haemagglutinin - (1) devel-
opmentally incomplete, and (2) functionally incomplete. 
Experiments reported previously (1.52) of the 
multiplication of influenza viruses in mouse brains in 
which large inocula yielded Virus, uincomplete" in the 
sense that a single cycle only of multiplication occurred 
and the virus formed was incapable of further infecting 
1.55 -1. 56 
the host cells, lent support to this view. A strain of 
influenza virus WS - N fully adapted to the mouse brain, 
on the other hand, produced infectious virus even after 
the inoculation of large doses intracerebrally. In-
complete allantoic fluid virus could not initiate in-
fection in the mouse brain. 
Although Schlesinger (1.51) was unable to dis-
tinguish these incomplete particles from fully active 
influenza virus particles in sedimentation runs, the 
electron microscope showed them to be different distinct 
particles (1.57). 
The brain cells are not considered incapable 
of supporting the production of infectious influenza 
virus as the strain WSN was shown to yield fully active 
particles even after large inocula in the mouse brain. 
Thus the inability of the non-adapted strains to yield 
active virus was attributed here to an inherent property 
of these strains. The results of Cairns (l.~) were 
essentially in agreement here although Schlesinger 
could not demonstrate the formation of infectious virus 
even after small inocula of unadapted strains. Cairns' 
results demonstrated the inability of non-adapted strains 
of influenza to be maintained in the mouse brain. 
Cairns (19~) compared the growth of large and 
small inocula of WS and PHS strains of influenza in the 
mouse brain. As there is no method of measuring haema-
gglutinin yield after small inocula, and there is general 
agreement that the only difference in the yield after 
small and large inocula is the relative proportions 
of "complete il and "incomplete" particles produced, Cairns 
-
compared the yield of infective particles after small 
inocula with the yield of haemagglutinin after large 
inocula. 
He confirmed Schlesinger's results (1.51) 
using large inocula, that is, that no increase in 
infectivity occurred, and found that relatively more 
infective virus was produced after small inocula, than 
haemagglutinin after large inocula. This was taken as 
proof that no incomplete virus was being produced after 
small inocula. 
Cairns also proved his point further by demon-
strating that a similar first cycle of multiplication 
occurs 13 hours after the first inoculation, when a 
similar inoculum of the same virus was given intra-
cerebrally. This second inoculum, with the first virus 
still present in the brain, exhibited the same growth 
curve as the first. 
This single cycle virus could not be demonstrated 
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to multiply in fresh mouse brains, though its infec-
tivity for the allantoic cells of the developing 
chick embryo was unaltered. 
Werner and Schlesinger (19~) examined 
preparations of allantoic fluid and ground mouse 
brain containing complete and incomplete virus par-
ticles using the electron microscope. Virus particles 
were selectively adsorbed from organ extracts on to 
saponin-lysed ghosts of fowl erythrocytes. Preparation 
of WS standard allantoic fluid and mouse brain pre-
parations, and PR8 standard, first and second un-
diluted passage fluids and mouse brain preparations, 
showed morphological differences between the visible 
particles. Standard passage virus in the form of 
allantoic fluid - that is, high ID-HA ratio virus -
showed particles of predominantly spherical shape 
with a smooth surface and of uniform density even 
after various steps of the extraction and concentrat-
ion. The preparations of non-infectious-haemagglutin-
ating virus obtained from either allantoic fluid or 
mouse brains showed particles widely differing in 
shape, of uneven and lower density and with rough 
granular surfaces. 
Diameter measurements of virus particles 
revealed that 2% of standard, and 37% of incomplete 
particles had a diameter of greater than 170 m~ , 
using both the WS and PR8 strains. 
Good electron microscopic photos of WSN 
mouse brain preparations were not available, because 
concentration of particles was not possible. Adsorp-
tion and elution to red cells failed because normal 
mouse brain tissue, although treated with RDE, pre-
vented the adsorption to red cells of WSN particles, 
even from infected allantoic fluid. Particle-red 
cell ratios in haemagglutinin tests of the two pre-
parations of influenza virus showed the non-infectious 
particle to be a morphological unit equivalent to 
fully active virus. 
1.6 
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The Formation of Incomplete V~~ 
in Mouse Lungs. 
1.6 - 1.62 
Results in 1.33c, published by von 
Magnus (1951c), indicated that the mouse infect-
ivity titre of influenza virus decreased in para-
llel with the egg infectious dose when large doses 
of influenza virus were inoculated allantoically 
into the developing chick embryo. Von Magnus has 
not published details of any experiments designed 
to specifically test the formations of incomplete 
virus in mOUSe lungs, but those to determine the 
interfering effect of incomplete virus furnish 
information on this facet of the problem. 
1.62 Interfering properties of incomplete ~~r~~. 
Von Magnus (195lc) performed experiments 
in mice to determine the interfering properties of 
incomplete virus. 
(a) When fluids from undiluted passages 
were titrated in mice, more deaths and greater lung 
lesions were found in groups inoculated with dilute 
suspensions, than in those inoculated with undiluted 
fluid. This effect was most striking with second 
passage flUid, but was still evident to a slight 
extent in the third and fourth passage fluids, 
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where extensive lung lesions were evident with 
suspensions 100-fold more dilute than those killing 
mice; that is, the difference between the mortality 
and infectivity endpoints had increased, as compared 
with standard passage virus. 
(b) The multiplication of 10-fold dilutions 
of standard passage, first, second and fourth passages 
and mouse lung passage, in mice was studied. Groups 
of five mice were killed 21t and ItS hours after 
inoculation, their lungs removed and ground for 
determination of virus content. The other , mice in 
the group were left for 11 days, when the degree of 
pulmonary involvement was recorded; and animals found 
dead were examined for lung lesions and the day of 
death. 
The infectivity in eggs and the haemaggluti-
nin content of each ground mouse lung was determined. 
The results showed that mouse lung passage, standard 
passage and first undiluted passage virus grew in 
mouse lungs to titres of 106•0, 106•0, and 10'·' 
MLD,O respectively, and killed the mice in less than 
11 days. The lowest infectivity of these preparations 
in eggs was 107." and two other preparations giving 
an infectivity of 107., did not kill any mice in their 
1.62 
groups (50% lung consolidation being recorded in 
each case). Second passage fluid grew to give an 
7.5 
egg infectivity titre >10 only at 3 dilutions 
10-1 , 10-2 and 10-3• After the first few dilutions 
~ mice out of 5 succumbed and the remainder showed 
75% consolidation, whilst the third dilution killed 
2 mice and the remaining 3 showed 75% lung consoli-
dation. This second passage fluid when inoculated 
undiluted intranasally into mice, grew to give an 
infectivity in eggs of 106•8 at ~8 hours, and caused 
50% consolidation in ~ out of 5 of the mice, and 75% 
in the fifth. 
Fourth passage virus multiplied only to a 
titre of 106• 8 and 25% - 50% lung consolidation 
followed when passaged undiluted in mouse lungs. 
(c) von Magnus attempted to separate 
from the virus an agent which may have been causing 
this "self inhibition". Filtration through Gradocol 
-
membranes, high speed centrifugation experiments and 
adsorption and elution from chicken red blood cells 
all failed. 
(d) An experiment was then performed to 
determine when, during the multiplication of second 
undiluted passage virus, this inhibition was first 
demonstrable. Allantoic fluids harvested at various 
intervals of time after the inoculation of first un-
diluted passage fluid into eggs were passaged in 
mice in lO-fold dilutions. It was found that no 
"inhibiting" effect occurred until the 6 hour sample, 
-
after which the effect increased to a maximum at 12 
hours, and remained at this level till the experiment 
was terminated after 50 hours incubation. Thus the 
"inhibition" phenomenon was demonstrable in parallel 
with the first increase in the non-infectious 
haemagglutinin. 
Experiments using third undiluted passage 
fluid gave the same answer, a low lethal effect with 
fluids harvested up to 4 hours after inoculation, 
changing to an "inhibitoryll one when the first 
-
release of non-infectious haemagglutinin occurred. 
(e) An experiment to determine the effect 
of simultaneous infection with second undiluted passage 
fluid and standard passage virus was then carried out. 
Serial lO-fold dilutions of standard passage virus 
were made up in second passage fluid on saline, and 
inoculated into mice intranasally. The controls 
consisted in inoculation of second passage fluid alone 
in 10-fold dilutions, and of standard passage fluid 
inoculated in 10-fold dilutions 30 minutes after the 
inoculation of 0.05 ml undiluted second passage fluid. 
Results showed that the second passage 
fluid protected the mice against 40 ML of active 
50 
virus when inoculated simultaneously, and 400 ML50 
when given 30 minutes before the active virus. 
(f) von Magnus then tested the inhibition 
phenomenon using 10-fold dilutions of active virus 
mixed with equal amounts of undiluted third passage 
fluid. Each preparation was then diluted in 10-fold 
steps and inoculated into 5 mice each. 
The results indicated that the third 
passage fluid completely inhibited the lethal effect 
of small doses of active virus, whilst with larger 
doses the average survival time was somewhat lengthened. 
This effect disappeared on dilution. 
Ginsberg (1954) reported the fmrmation of 
haemagglutinating non-infectious virus after the 
intranasal inoculation of concentrated allantoic 
fluids into mice. The strain used most extensively 
was CAM, but PR8 and LEE also showed the same phenom-
enon. Intranasal inoculation of 107•8 50% egg 
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infective units (EliD) CAM showed at 21f hours a 
slight decrease in infectivity detectable in the 
lungs, and a greater than hundred-fold rise in 
haemagglutinin and complement-fixing antigen. 
lOIf.8 EID on the other hand showed after 21f hours ,0 
a greater than lOOO-fold increase in infective virus, 
whilst nei~her haemagglutinin nor complement-fixing 
antigen was detectable. The large inoculum induced 
extensive lung lesions in mice and If out of 6 of the 
mice died in less than 7 days, whilst the smaller dose 
of virus, although the infective titre was higher than 
after the former, produced only minimal lesions. 
Results with PR8 and LEE strains showed that different 
amounts of these strains were required to produce non-
infectious virus. Thus after inoculation of 106•5 EID 
LEE virus a 40-fold increase in infectious virus 
accompanied a greater than IfOO-fold rise in haemaggluti-
nin content at 24 hours. 103., EID LEE resulted in 
the formation of both infectious and haemagglutinating 
occurred 
virus. A 10,000 fold increase in infectivitylby 21f 
hours whilst no haemagglutinin was detectable. Both 
these inocula caused extensi~e lung lesions in the 
mice, all animals except one in the dilute inocula 
gro~p dying within 7 days. 
Further experiments were carried out with 
the CAM strain. Their results may be summed up as 
follows. 
(a) The phenomenon could only be demon-
strated after the inoculation of fully active virus -
10% first passage suspensions, prepared from mouse 
lungs inoculated with large doses of CAM, on re-
passage yielded virus showing a high infectivity in 
eggs but no detectable haemagglutinin, and no lung 
lesions developed. The fluid used contained 105E1D, 
and later in this paper Ginsberg reported that 106·'EID 
were necessary to produce thiS effect, correlated 
with a certain degree of lung lesions. The yields of 
virus in this experiment were lower than expected 
after 5 10 EID active virus. 
(b) After the inOCUlation of 108 EID CAM, 
a simultaneous fall in infectivity and rise in 
haemagglutinin was detected at 4 hours, whilst a com-
plement fixing antigen increase was detected 30 
minutes earlier. From 4 to 8 hours after inoculation 
the infectivity continued to slowly decrease, whilst 
the haemagglutinin and complement-fixing antigen 
increased. 
(c) Using an A strain of influenza, WRU 
(51 - 51), unadapted to mouse lungs, Ginsberg detected 
no formation of non-infectious virus - in fact, no 
1.63 . 
. 7.3 d 1 8.3 haemagglut~in was detected, although 10 an 0 
EID were inoculated. These latter two inocula showed 
100- and 10-fold increase in infectious virus respect-
ively, whilst 104•3 EID yielded a 4000 fold increase 
in infectious virus. Lung lesions were only produced 
after the two more concentrated inocula, and only two 
mice showed more than 50% consolidation. 
(d) Inocula containing 99.9% heat inactiv-
ated CAM virus did not induce the formation of non-
infectious virus although conditions were that of 
autointerference. 108•3 EID were used of which 105•0 
EID were infective, and the resultant yield of virus 
was reduced, titres reached at 48 hours being equal 
to those after 103•0 EID active virus. 
(e) The total antigenic material present in 
the lungs . 8 5 after the inoculation of 10 or 10 EID CAM 
virus was the same 24 hours after infection, irrespect-
ive of the ID-HA ratio of the suspensions. 
(f) The wau 51 - 51 strain of influenza A, 
-2 
after 10 passages in mouse lungs and one allantoically, 
-4 
was adapted to kill mice within 4 days of a 10 ino-
culum. Large (107•6 EID) and small (103.6• ID) 
inocula were passaged in mice, and the yield of virus 
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tested at 24 and 48 hours. Results showed the 
formation of non-infectious virus after the large 
inocula, whilst the small inocula yielded highly 
infectious virus. Extensive lung lesions were 
present atter both inocula. 
(g) By diluting out the inoculum in 
two fold steps Ginsberg correlated the degree of 
lung lesion with the production of non-infectious 
virus. He concluded that the amount of virus 
necessary to induce the formation of non-infectious 
virus was equal to that which produced 50% lung 
lesions in mice. 
It is unfortunate that Ginsberg used two 
unadapted strains for his main experiments, as this 
confounds the effects of non-infectious virus product-
ion with the abnormal type of multiplication character-
istic of the first few passages in a new host. As 
will be seen later, no firm conclusions could be drawn 
from these results, for the above reason. 
The Reproduction of InflUenza Virus in HeLa Cells. 
Henle, Girardi and Henle (1955) reported a 
cytopathogenic effect of influenza virus on HeLa cells. 
When large do.ses of standard influenza virus, grown 
allantoical1y, were added to HeLa cells, a cyto-
pathogenic effect was observed after 12 hours of 
incubation. There was no evidence that virus spread 
from those cells originally affected nor for release 
from the cell until disruption took place. This 
phenomenon could be prevented by homologous antisera 
but not by antisera prepared against heterologous 
-2 
virus. Dilution of the virus beyond 10 rarely pro-
duced any cytopathogenic signs. Those cultures which 
showed partial degeneration on continued incubation 
produced healthy cultures of cells which were not 
resistant to infection by fresh large doses of 
influenza virus. Non-infectious haemagg1utinins 
were demonstrated in the supernatent 5 hours after 
inoculation with concentrated seed together with 
appearance of cell destruction. A further increase 
up to 24 hours in haemagglutinin was accompanied by 
a slight decrease in infectivity, representing in-
activation of residual virus. The amount of detect-
able haemaggl~in in cell suspensions increased 
after freezing and thawing or sOlie vibration. 
The cells infected appeared rough and 
granular first, then became rounded and shrunken 
and sloughed off the glass. This phenomenon 
could not be carried through serial passages, but 
the effect was produced in up to three passages but 
only after increasingly long periods of incubation 
and this is attributed to survival of original seed 
virus. Thus using neither cells, fluid from the un-
diluted seed passages, nor dilute virus and media 
could this phenomenon be reproduced in passaging. 
This cytopathogenic effect could not be 
demonstrated after partial inactivation by ultra-
violet irradiation, 1, minutes exposure being sufficient 
to prevent all but traces of cell damage. Heat inacti-
vation also prevented this phenomena but more slowly 
than ultraviolet irradiation. 
The development of complement fixing anti-
gens was also demonstrated after concentrated seed 
virus. Soluble antigen was detected after ~ hours 
incubation in disintegrated and centrifuged cell 
suspensions, which wa.s"l hour before virus antigen 
and haemagglutinin were detected. Maximum antigen 
titres were obtained at 12 hours, at which level they 
remained for ~8 hours. 
Experiments using radioactive Phosphorus 
incorporated into HeLa cells showed that this is 
incorporated into the haemagglutinins detected after 
large inocula. Adsorption and elution from red cells 
showed that the radioactivity was largely inseparable 
from the haemagg1utinin, but at ~oC adsorption of 
haemagglutinin was more extensive, which indicated 
that components other than haemagg1utinin may have 
been labelled. 
This phenomenon appears to be similar to 
the multiplication of influenza virus in mouse 
brains (1.5). The haemagglutinins represent an in-
complete form of influenza virus, which is incapable 
of initiating further infection, and also unable to 
be liberated from their host cells until cell degener-
ation takes place. This virus could thus not be 
passed into fresh cells, but it was established that 
it was formed as such in ReLa cells, and their 
relationship with the allantoic incomplete virus was 
discussed. This phenomenon in ReLa cells holds great 
promise to become a useful tool in the study of in-
complete virus. 
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1.8 Fqrmation of Influenza Virus on the Chqrionic Membrane. 
1.81 Fulton and Isaacs (1953) demonstrated 
the growth of influenza virus in the chorionic 
layer of the allantoic membrane of the developing 
chick embryo in vitro. They used a tissue culture 
apparatus whereby either the allantoic, chorionic 
or both sides of the membrane could be infected, 
and confirmed their previous results obtained in 
the intact chick embryo (Isaacs and Fulton, 1953). 
They found that influenza virus (PR8) inoculated on 
to the chorion did not penetrate further than the 
chorionic layer. Small doses of influenza virus 
(100 ID50) produced a 10 - 100-fold increase in 
infectivity after 24 hours, whilst haemagglutinin 
and soluble antigen could not be detected. 
Large doses of seed virus produced an 
increase in haemagglutinin and soluble antigen, but 
no results of infectivity tests are given. This 
virus gradually declined in titre after 24 hours, 
but if repeated inoculations were made this titre 
remained at a high level. 
Using the tissue culture technique these 
workers showed the formation of haemagglutinin by 
4.3 
the allantoic cells after 10 ID50 ' whilst none 
was detected on the chorionic surface. The chorionic 
cells supported growth of soluble and elementary 
6.3 
body antigens after the inoculation of 10 ID
50
• 
Thus large numbers of cells must be infected before 
antigens are detectable by the complement fixing 
technique in the chorionic membrane. 
Thus it appeared that virus formed in 
chorionic cells was incapable of initiating further 
multiplication, and yet the cells themselves could 
support multiplication of a fresh inoculum. 
This could be explained by either of two 
mechanisms (a) virus so formed is genuinely incapable 
of reinfecting fresh cells. No experiments were per-
formed by these workers to elucidate this problem, 
or (b) virus particles were unable to gain 
access to fresh cells. This may be the explanation 
as membranes infected chorionically yield more 
elementary body antigen after extraction by grinding, 
than by freezing and thawing, whilst allantoic mem-
branes harvested from eggs infected allantoically in 
ovo, yield the same concentration of elementary body 
and soluble antigen by either method. Chorionic 
membranes yield the same concentration of soluble 
antigen by either method, and it is well inown that 
this antigen does not normally leave the cell in 
which it was produced. 
1.81 
The possibility that this virus is similar 
to that yielded by inoculation of unadapted influenza 
virus into mouse brains (Schlesinger and Cairns, 1.5) 
is put forward. The difference observed above of 
the yields of elementary bodies from chorionic cells 
using different methods of extraction indicate that 
difficulty of access to fresh cells may play an 
important role in the phenomenon, and the superficial 
resemblance to mouse brain virus does not necessarily 
rest on a similar mechanism of production. 
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2. THEORIES OF INCOMPLETE VIRUS PRODUCTION 
2.1 Ad hoc Interpretations 
2.11 Henle and Chambers (1.11) passed over the 
2.12 
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phenomenon of the lowered yield of infectious virus 
following passage of concentrated seed virus. They 
remarked that concentrated inocula lead to sub-
optimal production of infective virus, and that the 
concentration of complement-fixing antigen and 
flocculation titre rose with the infectivity to a 
-3 -4 maximum after the inoculation of a 10 ,10 
dilution of allantoic fluid incubated for 36 hours. 
Nigg, Crowley and Wilson (1.12) attributed 
the Imwered infectivity in mice of fluids following 
inoculation of undiluted seed virus, to a decreased 
virulence of the virus particles rather than depressed 
yield. This was based on the observation that the 
complement-fixing antigen prepared in these fluids was 
the same as in earlier passages. 
Nigg, Wilson and Crowley (1.13) explained 
the phenomenon as a decrease in mouse virulence follow-
ing adaptation of the virus to egg growth, and the fact 
that the virus titre is a maximum at 24 hours, whilst 
the complement fixing antigen reaches highest concen-
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tration at 48 hours, means that the virus titre 
had passed its maximum when fluids were tested. All 
infectivity tests were performed in mice, and they 
postulated that during adaptation to growth in the 
allantois an adaptive mutation away from the,original 
host had occurred. 
Henle and Henle's (1.14) statement that 
virus harvested at maximum activity produced identical 
haemagglutinin yields whether inoculated undiluted, or 
diluted lOO,OOO-fold, is by now firmly established as 
a vital part of the von Magnus phenomenon. These ex-
periments were carried out using the LEE strain of 
influenza B, and in the light of our newer findings the 
same conclusions would have been drawn even if infec-
tivity titrations had been carried out. 
Henle and Henle (1.15) used PR8, WS and LEE 
strains of influenza to study the interference phenomenon 
in the allantoic cavity of the chick embryo. They 
measured haemagglutinin titres and described the lowered 
yield as due to interference by the inactive haemagglu-
tinin present in inocula harvested after the height of 
activity had been reached. Their figure 2, giving 
details of the development of haemagglutinin and infec-
tivity s~s the greater decrease in infectivity than 
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haemagglutinin on continued incubation. These graphs 
are not of sufficient detail to detect the formation 
of non-infectious particles, as with LEE neither test 
showed presence of virus until 15 hours by which time 
more than one cycle will have been completed. PR8 
showed formation of virus at 10 hours having an ID-HA 
ratio of 2.2, which decreased further on increased 
incubation. . .Here again Henle and Henle were close to 
demonstrating the formation of incomplete virus, but 
the slightly different conditions employed led to the 
demonstration of interference, and the depressed virus 
yield was reproduced using artificially inactivated 
virus. They attribute the lowered yield to heat in-
activated particles present in the inoculum. 
These results of Henle and Henle are not 
strictly in line with the formation of incomplete virus, 
as the conditions employed were those of interference, 
the total yield of virus being lowered. 
Miller (1.16) studying the conditions for the 
optimal production of influenza Virus, used the PR8 
strain and again the haemagglutination test as a measure 
of virus concentration. He confirmed the previous find-
ings of Henle and Henle (2.14), and by demonstrating 
decrease in haemagglutinin yield greater than 2-fold, 
2.17 
2.18 
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following inoculation of a 10 dilution of a 48-hour 
allantoic fluid, as compared with a freshly harvested 
l2-hour culture, attributed this decrease to interference 
by inactive particles present in the inoculum. 
Friedwald and Pickles (1.17) demonstrated that 
the sedimentation patterns of PR8 and LEE infected allan-
toic fluid were strikingly different. PR8 consistently 
showed two boundaries when centrifuged against a sucrose 
gradient at 12,600 r.p.m. in the ultracentrifuge, at 
700 S and 460 S. LEE on the other hand showed consis-
tently the presence of one sharp boundary only at 800 S. 
The striking difference between these two strains was 
passed over without comment, beyond suggesting that 
the more slowly settling PR8 component may consist of 
inactive particles in some form of disintegration which 
were possibly equivalent to halves of the primary particle. 
Knight (1.18) demonstrated two components in 
normal allantoic fluid which he separated by ultra-
centrifugation. Preparations of PR8 and LEE virus 
strongly reacted serologically with antisera prepared 
against this normal protein and Knight suggested that 
infection with influenza virus stimulated the release 
at 12 days of this normal protein in amounts similar to 
that found in normal eggs at 13 or 14 days. This material 
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then becomes associated with the virus particle with 
varying degrees of firmness depending on the strain. 
2.19 Henle and Henle (1.30) postulated a stage-
like process of virus multiplication. Firstly haemag-
glutinin and complement-fixing antigen are acquired by 
the virus particle and during the second stage the 
particle becomes infective. This implies that any 
virus liberated before the final stage is reached will 
be non-infectious. That haemagglutinin and complement-
fixing activity are detected 2-3 hours prior to infec-
tivity is taken as support for this hypothesis. The 
production of haemagglutinating, non-infectious virus 
after the inoculation of high concentrations of seed virus 
is suggested as the release of these immature virus 
particles. 
2.2 Theoretical Discussions by Von Magnus. 
2.21 S1'mmary of ExPerimental Results to be Interpreted. 
Before attempting to offer any interpretation 
of the foregoing results, a summary of von Magnus' 
findings follows. 
(a) Standard passage virus, produced in the 
allantoic cavity by the inoculation of dilute seed virus, 
2.21 
shows a constant ratio between egg infectivity and 
haemagglutinin content, approximately 106• When 
passaged at high dilution, this virus is capable of 
continuously reproducing fresh virus of the same 
high infectivity and haemagglutinating titre (1.21). 
(b) Standard passage virus in the form of 
allantoic fluid, when passaged undiluted serially in 
the allantoic cavity, resulted in the production of 
virus possessing the same haemagglutinin titre as 
the fully active virus but lacking infectivity. 
This virus has been termed "incomplete ll (1.22). 
(c) These two preparations of influenza 
virus (a) and (b), were identical as regards anti-
genic makeup (l.33a), enzyme activity (l.33c) and 
ipterfering (1.62) and haemagglutinating (1.22) 
capacity, whilst incomplete virus showed a 100-fold 
lower infectivity than standard passage virus (1.21). 
(d) Physical measurements indicate that 
preparations of incomplete virus contain a more slowly 
sedimenting component in add~'ition to the particle 
""'._"" 
found in fully active PR8 suspensions. Preliminary 
electron micrographs showed no difference in the size 
of the two particles, suggesting that a lowered density 
2.22 
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may account for the above finding (1.24). 
(e) Growth curves showed that this low 
infectivity virus appeared in the allantoic fluid 
with the first increase in virus content. It could 
be detected in the allantoic membrane before 1iber-
ation into the fluid and this atypical form of virus 
is demonstrable in the fluid simultaneously with tl1e 
liberation of infective virus (1.23). 
The theory put forward by Nigg et al. 
(2.12, 2.13) tl1at virus of decreased virulence was 
prOdtlCed by inoculation of concentrated seed had been 
conclusively established. However the process by 
which this occurs was as yet unexplained. 
Henle and Henle's (2.14, 2.15) and Miller 1 s 
(2.16) suggestion that heat inactivated particles 
present in the original inoculum were responsible for 
this phenomenon by interference was hard to prove, but 
was opposed strongly on the following grounds. 
(a) Growth curves obtained by von Magnus 
(1.32) using dilute inocula showed a parallel rise in 
infective and haemagg1utinating virus, which reached 
a maximum between 25 and 40 hours. The ratio of infect-
ivity to haemagg1utinin of these fluids was between 106 
2.23 - 2. 2~ 
and 107, and this remained constant up to ~5 hours 
after which the infective virus content decreased 
slo'llly. Thus although samples were taken every 2 
hours, there was no indication of active virus 
losing infectivity due to continued incubation. 
(b) Experiments (1.23) by von Magnus 
showed that there was negligible decrease in the 
infectivity of virus inoculated into eggs previously 
chilled upon re-incubation for ~ hours. 
However the results of these three authors 
are basically distinct from those of von Magnus as 
they observed also a decrease in total yield (haemag-
glutinin) and this was not the case in the formation 
of incomplete virus. 
Throughout all experiments von Magnus 
used as inocula allantoic fluids harvested at the 
height of activity, to ensure maximum content of in-
fective virus. Thus after dilute inocula, fluids 
were harvested after ~ hours incubation, and after 
concentrated virus, after 15 or 18 hours. 
Friedwald and Pickles' (2.18) suggestion 
that the smaller component sedimented in the ultra-
centrifuge from preparations of PR8, may be a dis-
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integration product or half virus particles, has not 
been proved. There has not been any demonstration of 
component III yielding component II, (G~rd, von Magnus 
& Svedmyr, 194-7) and that von Magnus has demonstrated 
this incomplete virus in the allantoic membrane before 
its release into the fluid is strong evidence for its 
formation as such. 
In his early paper von Magnus (1.2) put for-
ward a tentative explanation of the observed facts. 
A non-infective IIvariant ll was supposedly formed which 
~ ~ 
possessed the same biological properties as active 
virus but lacked infectivity. This variant when 
present in sufficient concentration interfered with 
the propagation of infective virus in mice and eggs, 
giving rise to suspensions of low infectivity but high 
haemagglutinating capacity. 
Gard, von Magnus and Svedmyr (1.27) go further 
and suggest this incomplete virus to be formed as the 
result of "shortage of substrate or insufficiency of 
the generating mechanism where susceptible cells are 
suddenly overloaded with large infective doses of virus ll • 
This theory is immediately open to eXperimental test-
ing, by an accurate measurement of the dose of virus 
which gives rise to incomplete virus formation, and 
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the substrate rate in the phenomenon. These experi-
ments hOvTever were not carried out at the time. 
Evidence was presented by Gard, von Magnus, 
Svedmyr and Birch-Anderson (1.39a) which strongly 
suggested that incomplete virus is formed as such, 
and does not represent a product of viral degradation. 
Experiments· showed that the inhomog .. eneity of component 
II (non-infective virus) increased upon serial passaging 
of undiluted fluid, and its discontinuity was inter-
preted as evidence that component II consisted of a 
varying number of fractions of distinct properties. 
These workers favour the "precursor" (2.19) theory for 
- -the formation of this incomplete virus, and visualize 
increasingly premature forms in the yield on continued 
serial passaging of large inocula. 
Von Magnus studied in detail the formation of 
this incomplete virus following large doses of influenza 
virus the results of which were presented in 1.32. On 
these data von Magnus sought an explanation along the 
lines of the Henle's (2.19) stage-like process of multi-
plication. Thus von Magnus described this non-infectious 
virus as immature virus released before the final stage 
of infectivity is reached. Growth curves of dilute 
inocula showed a parallel rise in infection and haemag-
2.27 
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glutinating virus and yet after concentrated seed 
virus, a rise in haemagglutinin was detected with 
no or only a very small rise in infectivity. Thus 
it appeared that the virus formed under the former 
conditions was fully active, whilst after concentrated 
inocula an immature form of virus was released. 
Using Friedwald and Picklets data (1944) 
von Magnus calculated that an agglutinating dose should 
contain 106 to 107 egg 50% infective doses; and that 
this correlates well with the ID-F.A ratio of standard 
passage virus was taken as further indication that 
standard passage virus consisted of particles all 
being infective as well as haemagglutinative. By 
this method third passage virus contained only one in 
every 10,000 particles which was infective. 
Von Magnus (1.33) detected no significant 
differences between fully active "standard" virus 
-
and preparations containing 99% incomplete particles, 
except in the inability of the latter form to initiate 
infection in eggs or mice (1.33b)o 
The interpretation of experiments in which 
the interfering capacity of incomplete virus was 
tested requires some comment. The experiments were 
performed in mice (1.62) and were interpreted as being 
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due to interference instead of the formation of in-
complete virus - the production of non-infectious 
haemagglutinin not being demonstrable after large amounts 
of fully active virus had been given intranasally. Ex-
periment (e) demonstrated true interference by incom-
plete virus which was given 30 minutes before the 
challenge virus, and on this basis the results of ex-
periment (f) are interpreted as "overcoming" of inter-
~ 
ference by large doses of challenge virus. It was 
essentially the same as the results and interpre-
tation of Isaacs and Edney (1950) on heterologous 
interference. Both these experiments presuppose that 
the interference phenomenon is instantaneously estab-
lished on inoculation of the inhibitory virus. As far 
as Isaacs and Edney1s work is concerned, their hypothe-
sis has been abandoned in the light of newer findings 
(Fazekas, Isaacs and Edney, 1952). These show that 
interference is only gradually established and the 
apparent "overcoming of interference" is merely due to 
the fact that large doses need a shorter period to 
exhaust all cells, and they can do this before inter-
ference is established; smaller doses of active virus 
take several cycles of multiplication to reach maxi-
mum titre and thus will show depressed final yield 
since interference has been established in the mean-
time. The rate of establishment of interference has 
been further studied with the same main results, 
by Fazekas and Marshall (1955). Indeed, von Magnus 
in his latest paper (1.36) has found that the estab-
lishment of interference by incomplete virus is 
gradual and follows the same pattern. Clearly, this 
amounts to the refutation of the mechanism suggested 
in his earlier paper. 
Fu~thermore von Magnus l statement that 
incomplete virus was not formed in mouse lungs even 
after the inoculation of large doses of active virus, 
is not borne out by his results, Table IV p. 170-171 
(von Magnus, 1951c). ID-HA ratios of mouse lung sus-
pensions harvested 2~ hours after the inoculation of 
standard virus in tenfold dilutions showed a 1.2 loglO 
drop between undiluted and 10-3 diluted inocula. 
That mice died after the inoculation of undiluted first 
passage virus, lung suspensions yielding an ID-HA ratio 
of 3.8, whilst no deaths occurred after undiluted 
second passage virus suspensions with ratio ~.6 being 
formed, can be accounted for by the lower yield of 
virus in the latter case. Death of mice being due to 
consolidation of lung tissue is a quantitative as well 
as qualitative result and the lower yield of virus 
after this latter inoculum is of virus potent enough 
but insufficient in amount to kill mice without further 
multiplication. This is prevented by the large dose 
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initially, interference being established whilst 
active virus is multiplying in the first cycle. 
Thus von Magnus extended the finding that 
incomplete virus interfered to the same extent as 
active virus into a possible mechanism of incomplete 
virus formation, viz: incomplete virus present in 
the original inoculum blocked virus production at 
some intermediate stage interfering with the form-
ation of fully active virus. 
The theory discussed in 2.27 "as further 
expanded by von Magnus in his next paper (1.3~), in 
which he attempted to define "the factors involved 
in the formation of incomplete virus upon serial 
passage of undiluted virus ll • From his experiments 
-
von Magnus concluded that the formation of incomplete 
virus is dependent on multiple infection of cells. He 
could detect incomplete virus only when the multipli-
city of injection was such that nearly all cells would 
be infected, and thus depending on this number the yield 
would contain more or less incomplete virus. This 
alone was insufficient to explain the results obtained, 
and a further assumption had to be made - namely that 
to induce incomplete virus formation multiple infection 
with a fully active and an incomplete particle had to 
occur. Infection with more than one fully active 
particle yielded complete particles - whilst infection 
with incomplete virus alone did not uield virus, 
though this last point was not established yet to von 
Magnus I satisfaction, and the possibility of recom-
bination was not eliminated. Experiments reported in 
(1.62) were taken as support for this hypothesis, 
the fact that incomplete virus present in larger 
quantities than active virus lIinhibited" the yield 
~ ~ 
of virus was due to f'ormation of virus in a small 
number of cells only. When large amounts of both 
forms of virus were present incomplete particles were 
formed. It 1s suggested that multiplication is 
initiated by the fully active virus particles, and 
that the incomplete particle inhibits the conversion 
of newly-formed immature particles into fully active 
virus, which is in line with Henle and Henle's (2.19) 
theory. 
Von Magnus' final hypothesis amounts to 
this: Upon multiple infection of cells with a fully 
acti ve and a non-infecti ous, haemaggllltinating virus 
particle, multiplication is initiated by the active 
particle. The non-infectious particle then interferes 
and prevents the final stage Qf development, whereupon 
virus is released which is non-infectious, but haemag-
glutinating, that is, incomplete. 
There was still one facet of the phenonenon 
2.29 
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unexplained to von Magnus l satisfaction, viz: the 
initial formation of incomplete virus by standard 
passage virus. This was overcome by assuming that 
every preparation of virus contained some incomplete 
particles. Support for this assumption was gained 
from experiments in the optical centrifuge which 
showed in standard preparations of virus a second, 
more slowly settling component similar to incomplete 
virus (1.28) 
(a) This hypothesis of multiple infection 
is still held by von Magnus in 1953 (1.35) when he 
reviews the incomplete virus field. The striking 
difference of the LEE strain of influenza B is 
passed over. Also, he has completely ignored the 
findings of Cairns and Edney (1.37) which invalidate 
his hypothesis. 
(b) Von Magnus (1.36) reiterated his 
theory of "auto-interference ll and multiple infection 
, 
(2.28) to account for the formation of incomplete 
virus. Having just stated that interference by in-
complete virus was a maximum when inoculated 18 hours 
before the active virus, and shown that even when 1 
hour elapsed between the two inocula only 0.2 log10 
unit~drop in haemagg1utinin was detected and this 
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after 30 hours incubation, von Magnus stated that 
the low yield of virus after the ~th undiluted 
passage of PR8 was due to interference by non-infect-
ious virus. These fluids were passaged after incubat-
ion for 22 hours at which time only 0.25 loglO units 
depression in haemagglutinin yield was observed with 
1 hour interval between inocula. This statement 
would appear contrary to his own observations. 
Furthermore, the striking difference in 
the production of incomplete virus between L.EE and 
PR8, could only be explained by assuming that each 
standard virus preparation contained different pro-
portions of fully active to incomplete particles. 
Also the non-infective form of each strain would 
have to interfere to a different extent to yield 
the virus preparations obtained. That a LEE allantoic 
fluid of ID-HA ratio greater than 6.2 yielded complete 
virus upon undiluted passage supposedly supported 
this aspect of the theory. That is, this preparation 
was fully active and thus yielded fully active virus 
upon passage, whilst when the ID-HA ratio fell below 
6.2 enough non-infectious virus was present to inter-
fere with the formation of complete virus and the 
resulting fluid would contain both active and in-
complete virus particles. Yet, hie preparations of 
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standard PR8 seed had equally high ID-HA ratios, and 
went on to yield first passage fluids of a hundred 
times lower relative infectivity than the LEE seed. 
As a result of his third experiment (1.36) 
von Magnus indicated that heat-inactivated virus 
present in the initial inoculum could account for 
the formation of incomplete virus upon first undiluted 
passage. It was pointed out that this could not 
wholly account for the formation of large amounts 
of incomplete virus but that the heat-inactivated 
particles may add to the phenomenon in serial un-
diluted passages. 
The facts presented by Cairns and Edney 
(1.37) were interpreted by von Magnus as being due 
to host cell deficiencies. That is, the action of 
RDE on the cells of the allantoic membrane 2 hours 
after intection, which prevents the adsorption of 
virus to treated cells, also affects the metabolism 
of infected cells. This enabled the small number of 
heat-inactivated particles present in the standard 
virus to interfere to the same extent in these cells 
as large inocula would in normal cells. 
The strains of PR8 used by these workers 
appear to differ in their ability to produce in-
2.29 
complete virus. Thus von Magnus (1.32) demonstrated 
a ~O-fold decrease in ID-HA ratio after a single 
passage of 1.0 ml of undiluted standard virus after 
22 hours incubation in embryonate eggs, whilst 
Cairns and Edney (1.37) demonstrated a 100-fold 
decrease after lO~ hours, using the same inoculum. 
This fact would appear to explain some differences 
obtained but the significance of Cairns and Edney1s 
results cannot be overlooked on these grounds and 
necessita.te a revision of von Magnus l hypothesis. 
Another possible explanation was examined, 
viz: that in de-embryonated eggs and tissue culture 
. the cells are maintained in an unnatural state and 
therefore facilitate the formation of incomplete 
virus more readily than under normal conditions. 
This same condition is suggested as holding in 
mouse brains and mouse lungs, but in the latter two 
cases the virus has been sho.m to influence the 
result (1.5 and 1.6). 
This latter hypothesis is hardly convincing 
as dilute inocula of virus have been shown to yield 
fully active virus under each of these conditions and 
therefore the state of these host cells would seem 
not to affect differently the virus yield. 
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The possibility that incomplete virus may 
be a self-reproducing agent of low infectivity is 
discounted unless the assumption is made that in-
complete forms present in undiluted passage, 3rd of 
PRS and 6th of LEE, are qualitatively different 
from those of the first undiluted passage. 
Von Magnus favours the hypothesis of Henle 
and Henle (2.19) and Hoyle (194S) that incomplete 
virus is an immature form of influenza virus. That 
no d,@finite evidence has yet been published that 
influenza virus proceeds by way of a non-infectious 
form was realized, but well established bacteriophage 
work would suggest a close parallel between the two 
viruses. Chemical analyses of forms of bacterio-
phage show that the non-infective form lacks nucleic 
acid, but no similar results with influenza virus 
have been obtained (1.3ge). 
further Theories of Incomplete virus 
Formation. 
2.31 Interpretatign of Experiments in De-embrygnated Eggs. 
(a) Bernkopf (1.41) demonstrated the 
formation of fully active influenza virus in de-embryo-
nated eggs. By passaging large doses of influenza 
virus in de-embryonated eggs, he obtained non-
infectious haemagglutinating virus (1.42). 
Bernkopf is in complete agreement with 
von Magnus (2.25a), and interprets his results in 
de-embryonated eggs in terms of "auto-interference". 
Whilst von Magnus had to passage concentrated virus 
at least twice in embryonate eggs to obtain ratios 
as low as these of Bernkopf, the latter ratios were 
obtained after a single passage only. He reported 
maximum activity to be reached after 24 hours in-
cubation. Thus the further lovfering of ID-F.A ratio 
after a single passage of 48 hour fluid as compared 
with 18-24 hour fluid is attributed to particles 
inactivated during the prolonged j.ncubation, inter-
fering with the multiplication of the active particles. 
The fall in ratio in passages I and II in 
the serial passage experiment and the rise in passages 
III and IV, is explained thus. The failure of the 
first passage virus already possessing lowered in-
fectivity to multiply upon second passage, and inter-
ference by the non-infectious particles prevented 
multiplication, and hence low infectivity and 
haemagglutinin were produced. In passage III, there 
2.31 
was insufficient haemagglutinin in the inoculum to 
interfere with the active virus present, and a high 
titre of both infectivity and haemagglutinin was 
yielded. This active virus present in concentrations 
similar to that of passages of diluted standard pass-
age virus, again multiplied to full titre in the 
fourth passage. 
(b) Hanig and Bernkopf (1.43) again re-
iterated the auto-interference theory of von Magnus 
(2.25a) to explain the formation of this non-
infectious, haemagglutinating virus in de-embryonated 
eggs. The finding that each preparation, that is, 
after dilute and concentrated inocula contain a 
single component sedimenting at 630 and 480 S respect-
ively is of interest. 
(c) Daniels, Eaton and Perry (1.44) suggest-
ed that the different effect of glucose addition on 
the formation and yield of virus after concentrated 
and dilute inocula could be connected with the metabol-
ism of the tissues. They showed that without glucose 
in the medium the metabolism of the tissue is lowered. 
Thus after the inoculation of a large dose of influenza, 
the virus obtained is the product of the first cycle, 
and thus is formed whilst the carbohydrate metabolism 
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of the tissue is relatively unaltered. Dilute 
inocula, however, do not reach detectable levels 
until after several reproductive cycles, and thus 
the lowered metabolism of the tissues without glu-
cose will greatly affect the yield. With the addition 
of glucose to the medium the tissue metabolism is 
restored and the yield of virus reaches a high level 
again. 
2.32 Interpretations of Experiments in Mouse Brains. 
Experiments, performed by Schlesinger, 
Cairns and Werner (1.5), on the growth of unadapted 
influenza strains in mouse brains, led to the follow-
ing interpretations. 
(a) Schlesinger (1.51 and 1.52) found that 
upon inoculation of large doses of active influenza 
virus into mouse brains, he could demonstrate a rise 
in haemagglutinin without a concurrent increase in 
infective virus. This virus was incapable of further 
multiplication and was termed "incomplete" in line 
with von Magnus virus (1.2). The author interpreted 
this single cycle of multiplication as an interrupted 
full cycle with the liberation of an immature form of 
influenza virus. Schlesinger visualized a failure on 
the part of the brain cells to supply all essential 
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materials for complete virus production resulting 
in this incomplete virus production. Thus a 
mechanism similar to the Henles~ precursor theory. 
(2.19) is postulated, the virus formed having all 
properties of fully active virus except infectivity. 
(b) Cairns (1.54) demonstrated the format-
ion of fully infectious virus after the inoculation 
of small doses of unadapted strains intracerebrally 
into mice. This virus however was incapable of 
further reproduction although no difference from 
adapted virus was detected in this first cycle, and 
Cairns recognized that the essential difference lay 
in subsequent cycles of multiplication, rather than 
in the inability of non-adapted strains to multiply. 
(c) Schlesinger (1.55) revised his 
previous concept of incomplete virus formation (a) 
in the light of published data and put forward a 
different interpretation of the facts. A somewhat 
altered approach to "infectivity" is outlined, in 
which "inability to invade cells" is taken as his 
criterion for a defective particle. Schlesinger stresses 
that the term "incomplete" is misleading. 
Theuprecursor u theory of the Renles (2.19) 
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was dlscarded on the grounds that although 
haemagglutinin had been demonstrated prior to in-
fective virus, there was no indication that it was 
this virus which was described by von Magnus (1.2) 
as haemagglutinating but non-infectious. Nor was 
it established conclusively that these particles 
were later converted into fully active virus. 
The theory that brain cells were deficient 
(1.51, 1.52) was also discarded, as the multipli-
cation of WSN indicated that fully active influenza 
virus can be formed in mouse brains. 
Thus to the virus was ascribed the in-
ability under conditions in the mouse brain to 
yield fully active virus. Schlesinger suggested 
that the rate of regeneration of inhibitor in the 
mouse brain being very slow may contribute to this 
phenomenon. 
A new interpretation is suggested whereby 
this non-infectious haemaggllltinating virus is con-
sidered not IIdevelopmentallyll deficient but formed 
, -
as a complete viral unit "functionallyll deficient 
due to unfavourable conditions of multiplication, 
i.e. in the absence of sufficient receptor substance. 
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(d) Cairns (1.56) demonstrated growth 
of infectious virus after the inoculation of small 
doses of non-adapted strains of influenza virus, 
and thus disproved conclusively Schlesinger I s 
initial claim (a) that brain cells of mice were 
deficient in some factor essential for the develo~­
ment of fully active virus. However the fact that 
this virus could not develop further in mouse brains, 
in the same way as WSN, indicated that there must 
be some fundamental difference in this virus as 
compared with standard allantoic fluid influenza 
particles - the infectivity of this preparation 
being the same for eggs as allantoically grown 
fully active virus. Cairns postulated that a co-
factor may be produced during the first cycle of 
multiplication of an adapted strain which enabled 
further reproduction to proceed. This experiment, 
in which a second inoculum of unadapted virus (WS ) 
was inoculated 13 hours after the first and went 
through an identical growth cycle, indicated that an 
unadapted strain could not produce thie"co-factor", 
it 
'but/was not shown whether the WSN strain could "prime" 
the brain cells to yield complete virus from an un-
adapted strain. 
The property of inability to multiply 
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further in the mouse brain thus now' resided with 
the virus itself though induced by the host cell 
in the first instance. 
(e) Schlesinger (1953b)in his review of 
"Developmental Stages of Viruses ll put forward two 
. 
weaknesses in von Magnus! "autointerference" theory. 
The first was that even after the amount of incom-
plete virus had reached a maximum further passages 
yielded varying proportions of fully active and in-
complete virus. The second, that homologous ultra-
violet irradiated virus had not been shown to inter-
fere similarly with the final stage of viral develop-
ment, even though administered at the calculated 
time of maturation, was not necessarily any criterion 
for discarding von Magnus! theory. Considerations of 
virus multiplication in the mouse brain (1.5) led 
Schlesinger to favour the possibility of the selective 
multiplication of an avirulent variant to account for 
incomplete virus formation. This same set up could 
explain the formation of incomplete virus in 'eggs if it 
were assumed that standard virus preparations contain-
ed lIincomplete" particles and thus under conditions 
of massive infection these avirulent particles estab-
lished dominance over the virulent ones. Schlesinger 
regards this as compatible with both von Magnus! and 
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Cairns and Edneysl results, but surely massive in-
fection could hardly be applied to a multiplicity 
of 0.02. 
Thus Schlesinger cannot agree with the 
theory that incomplete virus is a precursor of 
fully active virus until it is conclusively proven 
that all newly formed virus particles do go through 
this stage. 
(f) Werner and Schlesinger (1.57) inter-
preted their electron microscope results of prepar-
ations of fully active and incomplete virus, as 
indicating that these "incomplete" particles were 
, , 
more fragile than standard allantoic fluid virus. 
Results from haemagglutination titrations in which 
the ratio of virus particle to red cell at the end-
point was calculated led these workers to conclude 
that "unit for unit the non-infectious virus obtain-
ed from mouse brains was an equivalent counterpart 
of standard virus derived from eggs", and was a 
product of viral multiplication rather than particle 
diSintegration. 
2.33 Interpretations of Experiments in. Mouse Lungs. 
Ginsberg (1.63) concluded that cell damage 
was an essential factor in the formation of non-
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infectious virus after the inoculation of large 
doses of influenza virus intranasally into mice. 
On the available data he cannot distinguish between 
4 possible mechanisms to account for this phenomenon. 
(a) The damaged cells may be unable to 
continue all the processes of active virus production, 
and thus the particles liberated will be incomplete, 
the property of infectivity having been lost. This 
hypothesis would be in line with Cairns and Edneys' 
(2.34a) "unknown substance" theory, the extensive 
cell damage destroying this substance. 
(b) In damaged cells the multiplication 
rate may be so lengthened that the rate of inactivation 
of infective particles would be greater than their 
formation. This was thought unlikely on two grounds, 
(i) experiment (b) 1.63, showed a parallel decrease 
in infective virus with the first detectable in-
crease in haemagglutinating virus, and 
(ii) experiment (d) 1.63 showed that although the 
rate of multiplication was slowed down following the 
inoculation of 99.9% non-infectious virus together 
with infective CAM, the proportion of infective to 
haemagglutinating virus was not altered. 
(c) Schlesinger (2.32c) suggested that an 
aberrant cycle of multiplication caused this pheno-
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menon of incomplete virus production. This could 
be initiated by cell damage, and no results yet 
disprove this hypothesis. 
(d) The damaged cells may upon infection 
release or activate a potent inactivator of newly 
formed virus particles. The decrease in infectivity 
upon the first increase in haemagglutinin ~ hours 
after infection was taken as evidence for this 
latter hypothesis. 
Ginsberg was not in agreement with von 
Magnus in his interpretation of this phenomenon 
(2.28), nor the precursor theory of Henle and Henle 
(2.19). Rather the possibility of an aberrant multi-
plication cycle or effected rapid inactivation of 
infectious virus as it is s~~thesised was favoured. 
His conclusions however are weakened by the peculiar 
choice of unadapted strains for this study. It so 
happens that after a dilute inoculum no lung lesions 
develop, while after a concentrated one, even if it 
does not multiply, some of the mice show extensive 
pulmonary consolidation and die within a few days. 
The fact that non-infectious haemagglutinin can be 
detected under the latter conditions but not under 
the former, may be entirely fortuitous. Indeed, von 
Magnus (1.62b) has shown that the production of 
extensive cell damage (i.e. macroscopic lesions) 
does not necessarily lead to the appearance of 
incomplete virus particles. 
2.34 Further hypotheses. 
(a) Cairns and Edney (1.37) designed an 
experiment to determine the number of particles 
necessary to infect a cell in order to produce in-
complete virus. They detected the formation of 
some non-infectious particles after only 2% of the 
cells were infected, haemagglutinin being produced 
till all cells were infected, when a maximum was 
reached. From these results it was "supposed that 
-
the yield of'complete' infective virl1S is limited 
by some factor which comes into operation before 
there is any shortage of cells". Aligning this 
with phage co-factors it was thought likely that 
this substance would be liberated together with the 
release of virus, thus giving conditions for forma-
tion of fully active virus in subsequent cycles. 
This is in line with the known fact that fully active 
virus is formed even when conditions must be those 
of multiple infection after several cycles of multi-
plication of small inocula. 
(b) Cairns (1.38), studying the rate of 
release of incomplete virus and haemagglutinin found 
that, expressed as a percentage of the total first 
cycle yield each form of virus was released at the 
same rate. On these results incomplete particles 
could not be classed as "precursors" of active 
virus (2.19). 
(c) Gard (1952) attempted a mathematical 
approach to the mechanism of incomplete virus pro-
duction. Taking multiplicity reactivation as a 
basis, the assumption that particles of different 
composition complement each other whereas two simi-
larly defective particles are unable to induce in-
fection is the essential principle of this theory. 
In agreement with the work of von Magnus (1951c), 
the interference demonstrated by incomplete virus 
was transformed into a mathematical expression and 
curves ",ere plotted for different proportions of 
interfering virus. Thus as the total number of 
particles increases the probability of infection 
increases to a maximum and then decreases as the 
inoculum increases. Although Gard stated that this 
"as in agreement with von Magnus' worl{ in mice, there 
is still no published evidence available in the 
literature. Paper III of von Hagnus
' 
series contains 
results in which maximum interference is obtained in 
mice with large interfering doses, and increasing 
the interfering dose will not decrease the degree 
of interference. Furthermore, Cairns and Edney 
(1952) have shown that there was also no suppression 
of yield in the allantois following very large in-
ocula of active virus. 
Again, Gard's Figure 5 shows the dose-
response curve of standard virus and third passage 
virus. Using results obtained in conjunction with 
Svedmyr, plots were made which corresponded to the 
-x 
flmction p 0.9 (1 - e ), where x is the dose of 
virus. This was flatter than his one-hit-curve, but 
was not incompatible with his theory of multiplicity 
reactivation. The fact that this curve flattens out 
at 905& infection is commented on and explained as 
possibly due to technical faults, but in any case the 
curve giving 9056 of the theoretical values is said 
to be good. The incomplete virus and standard 
passage virus give identical curves, but the fact 
that no matter what dose of infective virus is inocu-
lated a maximum 90% infection was only possible is 
contrary to all experimental findings. 
On these two grounds Gard1s suggestion of 
multiplicity reactivation as a possible mechanism 
of incomplete virus production is unacceptable. 
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2.4 The Formulation of a Working Hypothesis. 
2.41 Tests for incomplete virus are necessarily 
bound up with the observation of a lowered yield 
of infective particles, suggesting some interfer-
ence along the course of their normal reproduction. 
It is not surprising then that the two earliest 
theoretical accounts of the von Magnus phenomenon 
postulate a mechanism resembling that of heterolo-
gous interference. The simultaneous infection of 
a cell by two or more particles, as a prerequisite 
of incomplete virus production, is the common 
feature of the hypothesis of von Magnus (2.2) and 
of Gard (2.34c). In the extensive studies of von 
Magnus and his associates this requirement of 
multiple infection was satisfied, and for this reason 
his hypothesis appears adequate. Yet, one must not 
lose sight of some technical peculiarities of the 
experiments on which this explanation was based. 
If a great majority of available cells is 
infected by the original inoculum, it is immaterial at 
what time the fluids are harvested as one will always 
deal with the yield of the first cycle, slightly con-
taminated perhaps by whatever has been produced in 
the minority of cells, viz., those that have escaped 
infection at first. If incomplete particles are found 
in such experiments, it is safe to infer that they 
descended directly from the initial seed. The 
situation is quite different if the number of 
particles is only equal to or less than the number 
of infectible cells. Then a fraction - perhaps a 
small minority only - of cells will be infected at 
first. Their output will come into contact with 
large numbers of non-infected cells, and will have 
an opportunity to go through a second, perhaps a 
third cycle of multiplication. Obviously, the 
final yield will say very little about the behaviour 
of the original inoculum, and no valid inferences 
can be drawn. The method to follow at low multi-
plicities is to examine the first-cycle yield which, 
by definition, shows the response to the initial 
inoculum. This technique has such advantages, even 
when the host cells are outnumbered by infective 
particles, that no other should be considered when 
setting up crucial tests. 
In the experiment designed for the assess-
ment of the smallest inoculum after which the phenomenon 
still occurred(von Magnus, 1.34a) incomplete virus 
simply could not be detected at multiplicities of 
less than 1, where over 30 per cent of the cells 
escaped immediate infection. He found that "mainly 
2.43 
incomplete virus was produced in embryos follow-
ing inoculation with undiluted or tenfold diluted 
seed, while the 10-2 and 10-3 diluted inocula 
resulted in the formation of fully active virus". 
This is a perfectly correct statement if the yields 
at 24 hours, at the end of the third cycle, are 
considered. It is significant, however, that at 
10 hours the eggs contained 10S.6, 10S.0, lo6~9and 
105•7 ID50 after inocula of 10S.9, 107•9, 106.9and 
105•9 infective doses respectively. This lack of 
change is in contrast with the behaviour of haema-
gglutinin titres: they rise conspicuously from the 
4th hour onwards, as seen with the two larger ino-
cula after which performance of haemagglutinin tests 
was feasible. This means, obviously, that only min-
ute fractions of the first-cycle yields were infec-
tive, the bulk consisting of incomplete particles. 
From the growth curves it is also clear that by the 
end of the second cycle (at 15 hours) the eggs con-
tained 10S.1, 10S.9, 109•7 and 109• 5 infective doses 
respectively. Thus after smaller infective inocula 
a distinct second cycle has occurred, and there can 
be no doubt that the virus produced in this cycle was 
fully infective. The quantitative data also show 
that the first-cycle yields of the two smaller 
inocula were completely masked by the produce of 
2.lt4 
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later cycles, the infectivity titres rising by a 
factor of 100 and 7000 between the lOth and 24th 
hoUl' for the 10-2 and 10-3 inocula. For the un-
-1 diluted and 10 seeds the titres show a 2-fold 
drop and a 3-fold rise respectively, neither of 
which can be regarded as significant change. It 
is on this ground that von Magnus l demonstration 
of the necessity of multiple infection is unaccept-
able, his technique being unwittingly biased in 
favoUl' of his own hypothesis. 
The demonstration by Cairns and Edney 
(1.37), on the other hand, is in itself enough to 
discount any theory based on interference. In an 
experiment, exemplary both in design and accUl'acy, 
they were able to show that incomplete virus was 
being produced at multiplicities as low as 0.02, 
i.e., where only 2 per cent of the cells had been 
infected. It adds to the value of these tests that 
they were done with the PR8 strain, that used by 
von Magnus. That multiplicity of infection is not 
a sufficient cause for the production of incomplete 
virus should be evident also from the fact that no 
non-infective particles are formed after infections 
with dilute seed. Yet, however small the initial 
inoculum, from the time when more than one-fiftieth 
2.44 - 2.46 
of the cells have already yielded, the conditions are 
those of multiple infection. As each cell produces 
roughly one hundred new particles, at least half of 
the cells will be infected by two or more particles 
in the last cycle. 
2.45 It is implicit in the auto-interference 
2.46 
theory of von Magnus (2.25a) and explicitly stated 
in the theoretical treatment of Gard (2.34c) that 
more concentrated inocula, by virtue of giving 
higher multiplicities of infection, should give 
issue to a smaller number of complete virus par-
ticles than more dilute inocula. The observations 
of von Magnus, if examined from this point of view, 
do not support his own hypothesis but appear to be 
identical with those of Cairns and Edney, who 
showed that a thousandfold change in the initial 
inoculum of PR8 virus was not followed by any sig-
nificant variation in the amount of infective par-
ticles produced. 
The third hypothesis (Cairns and Edney, 
2.34a) came from an entirely different approach. 
Indeed, it can be called rather, an interpretation 
of experimental facts which rendered earlj.er hypo-
theses untenable and pointed in a direction along 
2.46 - 2.47 
which a valid theory might be built from material 
provided by future research. In brief, Cairns and 
Edney observed that incomplete virus was being pro-
duced" py, inocula which caused negligible (less than 
1 in 10,000) multiple infection. Realizing that 
this happened only in the first cycle of multipli-
cation, they postulated that an uninfected egg con-
tained a limited amount of some unknown substance 
and this set an upper limit to the number of infec-
tive virus particles that could be produced immed-
iately. The process of viral multiplication was 
supposed to stimulate the infected tissue to pro-
vide more of this essential substance, and thus 
in the second and later cycles all of the virus 
produced might be infective. No attempt was made 
to define either this substa~ce or the process by 
which it became available in later cycles. This ex-
planation can account for all avaj.lable data on in-
complete virus production, such as its occurrence 
without multiple infection of cells, its quantitative 
independence of the primary inoculum at increasing 
multiplicities, and also the fact that the von Magnus 
phenomenon occurs only in the first cycle of multipli-
cation. 
Thus far, the only hypothesis advanced to 
2.47 
explain the mechanism of incomplete virus pro-
duction, which has given any indication along 
which further experimental work might be under-
taken is that of Cairns and Edney (2.34). It 
is an exploration of these possibilities which 
is undertaken in the remaining parts of the 
study. 
3.12 
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GRADIENTS IN THE FOru~TION OF INCOMPLETE VIRUS. 
The First Observation of Strain Variation in 
Incomplete Virus Production. 
At this stage the "missing factor" theory of 
Cairns and Edney (1952) was the only hypothesis to explain 
the formation of incomplete virus after concentrated 
inocula of influenza virus, remaining undisproven. In 
a paper read to the Australian and New Zealand Association 
for the Advancement of Science, in Canberra 1954, Fazekas 
......... 
de st. Groth described an experiment designed to test 
'-" 
this theory. The formation of incomplete virus was known 
to occur in the first cycle of multiplication only, and it 
therefore appeared likely that some product of viral multi-
plication enabled fully active virus to be produced in 
subsequent cycles. It seemed possible that this "factor", 
if produced by an initial small inoculum, may have been 
available for a second large dose of virus inoculated after 
the first inoculum had undergone several cycles of multi-
plication. 
To test this possibility the following test was 
carried out. 
Groups of 11 day eggs were inoculated with l02ID50 
3.13 
of either PR8 (A) or LEE (B). After 17 hours incubation, 
during which time each virus would have completed, at a 
maximum, 3 cycles of multiplication, 109ID50 of an anti-
genically distinct virus was inoculated. Control eggs 
which had received no initial inoculum were given 109ID 
50 
of each virus. After a further 10-12 hours incubation, 
the allantoic fluids were harvested and titrated for the 
haemagglutinin and infectivity produced by the large 
inoculum, and their ID-HA ratios calculated. 
It was expected that the large inoculum of 
each virus alone, would produce incomplete virus, and 
give an ID-HA ratio of approximately It, whilst the IImissing 
factor" having been provided by the multiplication of 
the first small inoculum, that given after 17 hours, 
would yield fully active virus (ID-HA ratio ~ 6). 
As shown in Table I, twq of the results ("*) 
were unexpected. 
1. PR8 produced incomplete virus after the 
large dose given alone, as expected, but prior inoculation 
of a small dose of LEE did not alter the yield of non 
infective particles. 
2. LEE virus, even when inoculated in a large 
dose into a normal egg did not produce incomplete virus; 
TABLE I 
INOCULA 
ID/HA RATIO (LoglOunitS) 
EXPECTED OBSERVED 
109ID50 PR8 4.0 4.25 
102ID50 LEE .~ 17 hours 
41 
• 6.0 4.05 
109ID50 PR8 
109ID50 LEE 4.0 6.28 
OJ 
102ID50 PR8 ..... 17 hours 
+ 6.0 6.25 
109ID50 LEE 
Each value ms the mean of 3 replicates. 
the yield showing the same high ID/HA ratio as fully 
active virus grown from a small inoculum. The previous 
inoculation of a small dose of PR8 did not alter this ratio. 
3.15 The first of these findings did not necessarily 
3.16 
3.17 
3.15-3.17 
invalidate the "missing factor" hypothesis, as it is not 
implicit in its mechanism that this "factor" should be 
identical for all strains, and the possibility that one 
virus could not provide the "missimg factor" for another 
had not been excluded. Also the finding that the LEE 
strain did not form incomplete virus when inoculated in 
large doses could be interpreted as indicating that LEE 
did not require ahe "missimg factor" for its own multi-
plication, and thus could not be expected to provide it 
for PR8. 
The testing of all combinations of influenza 
strains in a similar experiment may have shed more light 
on this problem, but of more striking importance was the 
failure of the LEE strain to yield incomplete virus after 
large inocula. It has been known throughout all influenza 
work that each new strain isolated has differed in several 
respects from all others known, and it is rather remark-
able that hitherto by far the greater bulk of experimental 
work has been done with PR8. Of immediate importance 
was the fact that all work on incomplete virus had been 
done using this strain and the results generalized to 
include all strains of influenza. 
With this in mind, ten strains of influenza 
3.17 
virus were tested for their ability to yield incomplete 
particles after the inoculation of concentrated seed into 
the allantoic cavity of the developing chick embryo. 
3.2 
3.21 
Single Passage Experiments in Eggs. 
The first set of experiments consisted 
essentially in the replication, with each strain to be 
tested, of the fundamental experiment described by von 
Magnus, namely the titration of infective and haemagglutin-
ating units after allantoic inoculation of large or small 
quantities of influenza virus. To avoid any bias in 
favour of incomplete virus production, the test samples 
were always taken at the height of infectivity, as assessed 
in some preliminary trials. The results of these sighting 
experiments were in complete agreement with previously 
published findings of other workers, and after inoculation 
of concentrated virus preparations (109_l0l0I D50) the 
allantoic fluids were harvested after 16 hours incubation; 
after dilute inocula (104_l05ID50), where three or more 
cycles of multiplication are needed to reach maximum titres, 
the fluids were harvested after 42 hours. 
3.22 All experiments were done to the following set 
pattern. Two days before the main tests the strain to 
be used was given a single allantoic paasage at high 
dilution, usually 10-4. By this means it could be ensured 
that the seed would contain no incomplete virus. The 
fluid obtained was titrated for haemagglutinin, and if 
3.22 - 3. 23 
found suitable, i.e., of high titre, it was used within 
3 hours of harvesting. The experiment proper was done 
on two groups of six II-day eggs. One group received 
0.6 ml. of the undiluted seed virus allantoically, and 
was harvested after 16 hours at 350• The other group 
was given 0.05 ml. of a 10-4 dilution of the same seed in 
horse serum saline; the allantioc fluid of these eggs 
was remoVed after 42 hours incubation. Immediately after 
harvesting approximately 1 mI. of each allantoic fluid was 
ampouled and stored in the frozen state at -200 , On the 
rest of the allantoic fluids haemagglutinin tests were 
performed on the day of harvesting. Infectivity was 
titrated later, on the frozen samples. Tests on the two 
experimental groups were always done in parallel. If 
any of the titrations proved technically unsatisfactory, 
there was enough of the frozen sample for several repetit-
ions. 
Table II gives the reaults in detail and consists 
of 10 smaller tables each representing results with one 
strain. All titres are expressed in 10glO Uniti and are 
directly comparable as they refer to 1.0 ml. volumes of 
allantoic fluid. The infectivity-to-haemagglutinin ratio 
of individual samples is shown, and the average ratio and 
its standard error has been calculated for all groups. 
TABLE II A. 
Yield following infection with concentrated or dilute seed 
WSE-strain (AiEng1and/1933} 
Inocu1um:~109ID50 Inocu1um:-104ID50 
HA/ml ID501m1 ID/HA ratio HA/m1 ID501ml ID/HA 
3.40 ~·45 ~.35 3.97 9.25 5.28 3.22 7. 2 .20 3.58 10.20 6.72 
3.43 7.46 4.03 3.67 10.40 6.73 
3.09 7.41 4.32 3.67 9.70 6.03 
3.10 7.75 4.65 3.58 10.20 6.62 
2.20 6.89 4.69 
2.17 6.75 4.58 2.98 9.12 6.14 
Average ratio: 4.26-to.18 Average ratio: 6.25100.23 
AnalYsis of Variance 
Source of variation Sum of squares Degreesof freedom Variance 
Between inocula 
Error 
Total 
13.4067 
2.9173 
16.3240 
1 
11 
12 
Variance ratio F • 50.55 ; p ~ 0.001 
13.4067 
0.265~ 
3.23 
TABLE II B. 
Yield following infection with concentrated or dilute seed 
PR8-strain (AtPuerto Rico/1934) 
Inoculum;~109ID50 Inoculum:~104ID50 
HA/ml 1D501ml ID/HA ratio HA/ml ID501m1 ID/HA 
3.45 7.14 ~.69 3.92 10.22 6.30 3.30 7.72 .42 3.44 10.~4 6.90 3.14 7.30 4.16 3.51 9. 2 5.91 
3.42 7.5~ 4.13 3.22 10.30 7.08 3.51 7.2 ~.73 3.47 9.39 5.92 3.22 7.70 .48 3.30 10.19 6.89 
Average ratio; 4.10'-'0.14 Average ratio: 6. 50:!:.0. 22 
AnalYsis of Variance 
Source of variation Sum of squares Degreesof freedom Variance 
Between inocula 
Error 
Total 
17.2559 
1.9295 
19.1853 
1 
10 
11 
Variance ratio F = 89.43 ; P < 0.001 
17.2559 
0.1929 
TABLE II C. 
Yield following infection with concentrated or dilute seed. 
MEL-strain (A/Australia/1935) 
Inoculum:~109ID50 Inoculum:~104ID50 
HA/ml ID5c1ml ID/HA ratio HA/ml ID501m1 ID/HA 
3.19 7.80 4.61 3.40 10.10 6.70 
3.16 8.28 ~.12 3.55 9.36 5.81 3.31 7.50 .19 2.53 8.75 6.22 
3.28 7.00 ~.72 3.11 10.00 6.89 3.25 7.75 .50 3.41 10.00 6.59 
3.28 7.75 4.47 3.32 10.00 6.68 
3.28 7.25 3.97 3.53 9.40 5.87 
Average ratio: 4.37 t 0.17 Average ratio: 6.39 :t 0.16 
Analysis of Variance 
Source of variation Sum of squares Degrees of freedom Variance 
Between inocula 
Error 
Total 
16.3623 
2.3677 
18.7300 
1 
12 
13 
Variance ratio F = 82.93 ; P < 0.001 
16.3623 
0.1973 
TABLE II D. 
Yield following infection with concentrated or dilute seed 
BEL-strain (AiAustralia/1942) 
Inoculum:~109ID50 Inoculum:~104ID50 
HA/ml 1D501ml ID/RA ratio HA/ml ID501ml ID/RA 
4.03 8.90 4.87 4.05 9.88 5.83 
3.85 9.35 ~.50 4.05 9.75 '1.70 3.52 8.33 .81 3.23 9.80 6.57 
3.37 8.~8 5.01 3.53 10.20 6.6§ 3.52 7. 3 3.91 3.57 9.65 6.0 
3.55 8.63 5.08 3.83 9.75 5.92 
Average ratio: 4.86 ± 0.21 Average ratio: 6.13:t0.16 
Analysis of variance 
Source of variation Sum of squares Degrees of freedom Variance 
Between inocula 
Error 
Total 
4.8006 
2.1933 
6.9929 
1 
10 
11 
Variance ratio F = 21.90; p ~ 0.001 
4.8006 
0.2193 
3.23 
TABLE II E. 
Yield following infection with concentrated or dilute seed 
CAM-strain CAVAustraliail946) 
Inocu1um:r-l09ID50 Inoculum:~104ID50 
HA/ml ID501ml ID/RA ratio HA/ml ID501ml ID/HA 
2.95 8.10 5.15 2.83 8.90 6.07 
3.58 9.78 6.20 2.83 9.72 6.89 
3.10 9.25 6.15 3.37 9.06 5.69 
3.34 8.42 5.08 3.~8 9.65 6.07 3.16 9.30 6.14 3. 3 9.25 5.82 
3.07 8.00 4.93 2.20 9.15 6.95 
3.28 8.60 5.32 3.37 9.60 6.23 
Average ratio: 5.57 ± 0.22 Average ratio: 6.25± 0.19 
Analysis of Variance 
Source of variation Sum of squares Degrees of freedom Variance 
Between inocula 
Error 
Total 
1.6114 
3.4102 
5.0215 
1 
12 
13 
Variance ratio F = 5.67 ; 0.05>P>0.01 
1.6114 
0.2842 
3.23 
TABLE II F. 
Yield following infection with concentrated or dilute seed 
FMl-strain CAYEng1and/1933) 
Inoculum:~109ID50 Inocu1um:~104ID50 
HA/m1 ID501ml ID/RA ratio HA/ml 1D501ml ID/RA 
2.68 7.50 4.82 3.01 10.35 7.34 
2.77 7.85 5.08 2.80 9.07 6.27 
2.95 8.35 5.40 3.40 8.20 4.80 
2.11 7.~0 5.59 2.44 8.86 6.42 3.07 8. 8 5.81 2.95 7.90 4.95 
3.19 8.88 5.69 2.56 9.28 6.72 
Average ratio: 5.40 ±0.16 Average ratio: 6.08 :'::0.41 
AnalYsis of Variance 
Source of variation Sum of squares Degrees of freedom Variance 
Between inocula 
Error 
Total 
1.4076 
5.7913 
1 
10 
II 
Variance ratio F = 2.43 ; 0.20> P > 0.05 
1.4076 
0.5791 
TABLE II G. 
Yield following infection with concentrated or dilute seed 
LEE-strain (B/United States/1940) 
Inoculum:~109ID50 Inoculum:~104ID50 
HA/ml 1D501ml ID/HA ratio HA/ml 1D501ml ID/HA 
3.28 9.81 6.53 3.41 9.45 6.04 
3.23 9.20 5.97 3.28 9.80 6.52 
3.23 9.62 6.39 3.33 9.40 6.07 
2.92 9.82 6.90 3.23 9.02 5.79 
3-32 9.63 6.31 2.98 9.80 6.82 
3.23 9.30 6.07 3.10 9.30 6.20 
3.55 10.05 6.50 
3.19 9.80 6.61 1.00 7.55 6.55 
3.49 10.05 6.56 
3.37 8.92 5.5~ 3.48 9.17 5.69 3.58 9.42 5.8 3.22 9.00 5.78 
3.04 8.63 5.59 1.72 7.86 6.14 
2.95 8.50 5.55 2.02 7.86 5.84 
3.37 9-38 6.01 
3.07 8.76 5.69 3.04 9.66 6.62 
Average ratio: 6.14± 0.11 Average ratio: 6.17+ 0.11 
Anal~si§ of Variance 
Source of variance Sum of squares Degrees of freedom Variance 
Between inocula 
Error 
Total 
0.0076 
4.2463 
4.2539 
1 
25 
26 
Variance ratio F = 0.05; P > 0.5 
0.0076 
0.1699 
TABLE II H. 
Yield following infection with concentrated or dilute seed 
BON-strain (B/Australial1943) 
Inoculum:~109ID50 
HA/ml ID501ml ID/HA ratio 
2.05 6.72 4.67 
2.05 6.35 4.30 
2.35 6.50 4.15 
2.05 6.10 4.05 
2.05 5.65 3.60 
2.92 6.28 3.36 
Average ratio: 4.02 ± 0.19 
AnalYsis of Variance 
Inoculum:~104ID50 
HA/ml ID501ml ID/HA 
2.83 8.60 5.77 
2.92 8.06 ~.1l+ 3.10 ~.87 .77 2.68 .00 5.32 
2.68 8.50 5.82 
2.74 9.00 6.26 
Average ratio: 5.51:t 0.22 
Source of variation Sum of squares Degrees of freedom Variance 
Between inocula 
Error 
Total 
6.6751 
2.5775 
9.2526 
1 
10 
11 
Variance ratiO F = 25.90; P < 0.001 
6.6751 
0.2578 
TABLE II J. 
Yield following infection with concentrated or dilute seed 
HUT-strain (B/Australiai1946) 
Inoculum:~109ID50 
HA/ml 1D501ml ID/HA ratio 
2.68 
2.41 
2.38 
2.92 
2.27 
2.58 
7.42 
8.00 
7.22 
8.62 
7.42 
8,50 
Average ratio: 5.32 ± 0.20 
Analysis of Variance 
Inoculum:~104ID50 
HA/ml ID~oIml ID/HA 
2.68 
2.80 
2.20 
2.38 
2.65 
2.83 
6.25 
5.70 
5.65 
6.40 
5.71. 
6.23 
Average ratio: 5.99::!:0.14 
Source of variation Sum of squares Degrees of freedom Variance 
Between inocula 
Error 
Total 3.0877 
1 
10 
11 
1.3433 
0.171fl+ 
Variance ratio F = 7.70 ; 0.05> P > 0.01 
TABLE II K. 
Yield following infection with concentrated or dilute seed 
SW-strain (Swine influenza/United States/1931) 
Inoculum:-l09ID50 Inoculum:~104ID50 
HA/ml 1D501ml ID/RA ratio HA/ml ID501ml ID/RA 
3.10 7.43 4.33 3.~7 9.20 5.83 3.13 7.50 4.37 2. 3 9.50 6.67 
2.8~ 7.58 4.75 3.13 8.81 5.68 2.9 7.20 4.22 2.80 9.28 6.48 
3.28 8.~2 ~.04 3.41 10.00 6.59 3.55 8. 0 .85 3.53 9.70 6.17 
Average ratio: 4.59t 0.14 Average ratio: 6.24± 0.17 
Analysis of Variance 
Source of variation Sum of squares Degrees of freedom Variance 
Between inocula 
Error 
Total 
8.1013 
1.4004 
9.5017 
1 
10 
11 
Variance ratio F = 57.85; P < 0.001 
8.1013 
0.1400 
statistical Evaluation 
Table II also contains a test of significance 
for the comparison of yields after the two inocula. 
Although only two averages are being compared at a time, 
the method applied is the analysis of variance instead of 
the t-test. The statistics so obtained were used in the 
evaluation of inter-strain comparisons shown in Table III. 
3.32 Plentiful production of incomplete virus is 
evident with the strains WSE(A), PR8(A), MEL(A), and SW. 
The von Magnus phenomenon is as conspicuous in these as 
it was with the two PR8 sub-strains on which thw work of 
the Scandinavian authors had been performed. The ID/RA 
ratios dropped from the normal average to values lower by 
about two orders of magnitude. The BEL(A) and BON (B) 
strains formed relatively smaller proportions of non-
infective particles after inoculation of undiluted seed, 
although the reduction of the ID/RA ratiOS is still highly 
significant. The two A-prime viruses, CAM and FMI, and 
the HUT(B) strain are borderline cases, the drop in the 
average ID/RA ratios being, at the most, suggestive but 
statistically not significant. The LEE(B) strain, on 
the other hand, did not even give a hint of incomplete 
virus production. Since this behaviour was in such 
striking contrast to the strains exhibiting the von Magnus 
phenomenon, four separate series of tests were made with 
the LEE strain. The results proved to be reproducible, 
showing consistently no difference between the yields of 
virus after concentrated or dilute infective inocula. 
The data in Table II thus give the impression 
of considerable diversity among influenza strains in 
incomplete virus production. As it seemed desirable to 
assess the contribution of different variables entering 
into the experiments, the results were submitted to an 
analysis of variance. This method is applicable pro-
vided the variances of all sub-groups to be compared are 
homogeneous. However, there was some reason to doubt 
whether this postulate would be automatically fulfilled, 
as further sources of variation might have emerged with 
the production of incomplete virus. Consequently, the 
variances of all sub-groups were first compared by 
Bartlett's test. According to the formula 
-2 
)( (k-l) ::: 
ken - 1) In V - (n - 1) In V 
1 (k 1)/3 (n - l)k 
, 
where V is the variance of any of k sub-groups containing 
n replicates, the value ofy2 := 17.0'+5. This corres-
, (19) 
ponds to a probability of P = 0.62, i.e., there is no 
significant deviation from homogeneity, and an analysis 
3.33 
TABLE III 
Statistical Evaluation of the Results in TABLE II. 
Total Analysis of Variance 
Degrees 
Source of Sum of of Variance Proba-
variation squares freedom Variance rfl,tio bility 
Inocula 45.5303 1 45.,303 191.19 < 0.001 Strains 22.0573 9 2. 508 10.29 < 0.001 
Interaction 23.4313 9 2.6035 10.93 <0.001 
Error 28.5769 120 0.2381 
Total 119.5958 139 
Analysis of Interaction-variance in Respect 
to Strains 
Degrees 
Source of Sum of of Variance Proba-
variation squares freedom Variance ratio bility 
St~ains at 41.5475 9 4.6164 22.45 <0.001 
10 ID50 
12.7477 62 0.2056 Error 
Sub-total 54.2952 71 
st~ains at 3.9411 9 0.4379 1.60 0.16 10 1D50 
Error 15.8292 58 0.2729 
Sub-total 19.7703 67 
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of variance may be set up in its standard form. This 
result is equivalent to saying that whatever further 
sources of error have been in~duced by the presence of 
incomplete virus in some of the specimens, their total 
effect is negligible compared with the inherent inaccuracy 
of infectivity titrations. 
The important finding is the absence of diff-
erence among the strains after dilute infective inocula, 
as opposed to the highly significant difference in the 
yields after infection with large amounts of virus. The 
former confirms the conclusion reached by Fazekas de St. 
Groth and Cairns (1952), namely that the ID/HA ratio is 
identical for all well-adapted influenza strains when 
grown in the allantois from dilute seed, and that under 
these conditions no incomplete virus is being formed. 
The latter provides statistical evidence that the von 
Magnus phenomenon cannot be elicited uniformly with all 
influenza viruses. This point is stressed also by the 
highly significant interaction between strains and inocula, 
that is, while in some strains the size of the inoculum 
makes a difference, in others it does not. 
3.41 
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Discussion of Results 
The results shown in Tables II and III 
indicate that we have within the group of influenza 
viruses strains which produce less than 1 per cent 
viable offspring if inoculated into the allantoic cavity 
in amounts of l09ID50 • At the other extreme there are 
strains in which incomplete virus is not detectable by 
the tec~ique employed. As these differences comply 
with the strictest criteria of significance, the pro-
duction of incomplete virus has to be regarded as a 
property with wide quantitative variation among influenza 
viruses. On the basis of the above results a gradient 
of incomplete virus production may be established, giving 
the series PR8 > WSE, MEL > SW > BON, BEL> HUT, CAM ') FMI 
) LEE, in the order of decreasing proneness to form non-
infective particles. 
This result, namely the gradation in incomplete 
virus production among influenza strains, could be accounted 
for by the auto-interference theory only with the greatest 
dHqculty. At least two subsidiary assumptions would 
have to be made, 
1. that the mechanism was based not on simultan-
eous infection by two active particles, but rather by an 
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acive and an inactive one; 
and 2. that the various strains contained different 
anounts of inactive particles, even when grown from dilute 
seed. However, both of these assumptions would be at 
variance with observed fact. The first is untenable on 
quantitative grounds, and would imply increasing effect 
. on increasing the initial inoculum, which is not the case. 
Or it could be upheld by the further postulate of such a 
close and regular association between active and inactive 
particles that defied randomness after inoculation. There 
is no evidence that this happened; indeed, the fact that 
dilute inocula do not produce incomplete particles all but 
rules it out of consideration. The second assumption 
appears unjustifiable in the light of the finding that 
the initial ID/HA ratiO of all strains is, for practical 
purposes, identical while there is more than a hundred-
fold difference in the degree of incomplete virus production. 
Also, there is no evidence that fresh virus preparations 
grown from dilute seed would contain non-infective particles. 
Up till recently this has been the expressed opinion of 
von Magnus (1951a) and Fazekas de St. Groth and Cairns 
(1952)have published several points of independent evidence 
to support this view. 
The hypothesis put forward by Cairns and Edney 
(1952) of a flmissing factor", which becomes available 
during multiplication, provided the initial inoculum is 
not too large, could account for all the data on incomplete 
virus production - its occurrence without multiple in-
fection of cells, its quantitative independence of the 
primary inoculum at increasing multiplicities, and also 
the fact that the von Magnus phenomenon occurs only in 
the first cycle of multiplication. It is also consistent 
with these findings of a graded production of incomplete 
particles by 10 steains of influenza virus tested, and 
thus serves as the basis of their interpretation. 
The factual results may be summed up in two 
poimts: 
1. All influenza strains that produce non-
infective particles in the allantois do so above a 
characteristic level of first-cycle infection. This 
level is independent of the multiplicity of infection, and 
is an inherent property of the virus, as are its antigenic 
make-up, enzyme activity, etc. The proportion of infect-
ive particles in the yield cannot be reduced by increasing 
the initial inoculum. Strains which do not produce in-
complete virus fail to do so even at average multiplicities 
of infection of 10 or higher. 
2. The different influenza virus strains form 
3.44 - 3.45 
a gradient according to their capacity to produce non-
infective particles. This gradient cuts across the line 
dividing the types, and is independent of the history of 
the strains as well as of the extent of their adapt~on 
to the allantois. 
The first of these points is the confirmation 
and extension of Cairns and Edney's thesis, which can now 
be regarded as a general statement holding for all influ-
enza virus strains. The second point, on the other hand, 
requires the amplification of their hypothesis and its 
statement in more specific terms. 
The variation in the extent of incomplete virus 
production among the strains could be satisfied by the 
assumption that their requirements for the "missing factor" 
are unequal. Yet, operationally this further assumption 
would be of little use as it gives no lead whereby the 
mechanism underlying these differences could be better 
understood; neither does it suggest an experimental 
approach simpler than the random testing of all conceivable 
subsjances for their effect on incomplete virus production. 
It seemed more profitable then to think in terms of a 
"missing process" rather than a "missing substance". In 
this respect it is noteworthy that the gradient of incomplete 
virus production corresponds closely to the gradient of 
3.45 - 3.47 
enzyme action of these viruses on the allantioc membrane 
or, which is saying the same, the order in which infection 
can be prevented by the use of the "receptor destroying 
enzyme" of V. cholerae (stone, 1947, 1948~). 
3.46 Whether this view is correct or not, it has 
the merits of a working hypothesis inasmuch as it immed-
iately prompts several types of experiment by which its 
validity can be tested. It implies both that the 
"incomplete virus gradient .. should be different in tissues 
which have different receptor gradients (e.g. allantoic 
membrane and mouse lung), and that agents acting on receptors 
might alter the behaviour of influenza strains even in the 
allantois. 
3.47 Interpretation of Simultaneous Passage Experiments. 
These results now provide a simple explanation 
of some experiments on the prolonged simultaneous passage 
of two influenza strains in the allantois and in mouse 
lungs. First described by Sugg and Magill (1948) and 
further investigated by Sugg (1951) and Liu and Henle 
(1951), the phenomenon appeared highly paradoxical, as 
from consideration of both cycle times and cyclic incre-
ments of influenza A and B strains, one would have 
postulated a rapid suppression of the B virus by the more 
3.48 
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quickly growing A strains. This indeed happened when 
dilute inocula of the two viruses (LEE and PR8) were used, 
even if the B started at a majority of 5 to 1 (Liu and 
Henle, 1951); yet by keeping the inoculum at the level 
of 107-109 particles the mixture could be carried through 
52 consecutive passages (Sugg, 1951). The interpretation 
offered, namely that the cycle time of the LEE (B) strain 
was considerably shortened after large inocula (Liu and 
Henle, 1951), is not entirely satisfactory as another A 
strain "CC" was capable of suppressing LEE even when large 
initial doses were applied (Sugg and Magill, 1948). More-
over, although the apparent cycle time of LEE was shortened, 
its cyclic increment was not increased under the same 
conditions, as evident from Liu and Henle's published data 
(Fig. 4, 5, 6). 
On the grounds of these above findings, a new 
interpretation can be offered. The slower growth rate 
of the LEE strain is compensated for by the large fraction 
of non-viable offspring the PR8 produces after concentrated 
inocula. The CC strain, producing a smaller amount of 
incomplete virus, will readily outgrow the LEE strain 
whether starting at high or low· dilutions. It is si~nifi-
cant that this CC versus LEE behaviour applies only to the 
allantois and not to mouse lungs, where the two viruses 
3.48 
could be carried through five passages without any 
diminution of their initial ratio, and through further 
passages with only slight drop of the LEE component 
(Sugg and Magill, 1948). This latter difference is in 
agreement with the postulate of the working hypothesis 
that the amount of incomplete virus produced should vary 
from tissue to tissue. 
3.5 
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Single Passage Experiments in Mice 
Since the working hypothesis, proposed on the 
basis of findings in the allantois, envisaged graded 
production of incomplete virus in other tissues with, 
perhaps, gradients differing from the allantoic, exper-
iments were designed to test this proposition. These 
tests were performed in mouse lungs, the other classical 
site of influenza virus multiplication. 
Groups of six mice were lightly anaesthetised 
(under ether-chloroform 2:1 mixture), and inoculated 
intranasally with 0.1 ml of either undiluted(109ID50 ) or 
diluted (10~ID50) allantoic fluid. The allantoic fluid 
used as inoculum was prepared in the same way as for egg 
inoculations. In order to harvest the lungs when the 
virus possessed its maximum activity, it was necessary to 
do several preliminary experiments. As a consequence, 
mice inoculated with high titre WSE, PR8, MEL, LEE or SW 
virus were killed by chloroform over-anaesthesia after 
16 - 20 hours, and those with the dilute inoculum after 
42 - 48 hours. The lungs were removed aseptically, 
chilled at 4°c, kept in an ice bath and ground individually 
wi th a small amount of alundum. 1.0 ml of calcium mag-
nesium saline containing 720 units'of RDE was added, and 
3.53 
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the tubes placed in a 370 waterbath for 30 minutes. The 
preparations were then spun in an angle-head centrifuge 
at 1,000 G for five minutes, and the supernatants removed. 
Two volumes of approximately 0.4 ml were ampouled and 
kept at -700 C in a C02 box, and the remaining sample was 
kept at 4°c until it was titrated in duplicate on the 
same day for haemagglutinin. Titrations of infectivity 
in eggs were performed on the ampouled samples within two 
weeks, and again any titration which was technically un-
satisfactory was disregarded and the test repeated. 
The results are expressed in the same form as 
the yield of virus after allantoic inoculation (Table II), 
and are sho~m in Table IV. It was immediately obvious 
that the ratio of infectivity to haemagglutinin of 
influenza virus was different in the mouse lung suspensions 
from that in the chick embryo, even after inoculation of 
dilute seed. The ratio given by each of the five strains 
tested however, was insignificantly different from the 
others, the difference between the exbremes being only 
0.21 log units (1.6 fold). The amount of haemagglutin-
ating virus formed by WSE was considerably lower than the 
other four strains, which formed of the same order of 
haemagglutinating particles as after dilute inocula in 
the allantoic cavity, after both dilute and concentrated 
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TABLE IV A 
The Yield of Influenza Virus following Intranasal Inoculatio. 
of Mice with Concentrated and Dilute Seed. 
WSE-strain (A/England/1933) 
Inoculum:~109ID50 
HA/ml ID501ml ID/HA ratio 
2.20 
2.74 
1.45 
2.71 
3.10 
6.36 
6.10 
6.25 
6.70 
7.07 
Average ratio: 4.06 ± 0.23 
Inoculum:~104ID50 
HA/ml ID501ml ID/HA 
1.06 
2.11 
1.60 
1.93 
6.68 
7.38 
6.88 
7.50 
5.60 
5.27 
5.28 
5.57 
Average ratio: 5.43±0.09 
Analysis of Variance. 
Source of variation Sum of squares Degrees of freedom Varianc 
Between inocula 
Error 
Total 
4.1953 
1.1571 
5.3524 
1 
7 
8 
Variance ratio F = 25.380; P = 0.001 
4.1953 
0.1653 
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TABLE IV B 
Yield of Influenza Virus fmllowing Intranasal Inoculation 
of Mice with Concentrated and Dilute Seed 
PR8-strain (AfPuerto Rico/1934) 
Inoculum:~109ID50 Inoculum:~104ID50 
HA/ml ID501ml ID/RA ratio HA/ml ID501m1 ID/RA 
2.77 6.25 
a·
48 2.08 7.88 5.80 
2.50 6.83 .33 2.08 7·aO 5.22 2-35 6.50 4.15 2.01 7. 0 5.39 
2.58 6.75 4.17 2.49 8.17 5.68 
2.58 6.58 4.00 1'48 7.25 5.47 2.79 7.21 4.42 1. 8 7.36 5.88 
2.38 6.42 4.04 
2.50 6.17 3.67 
Average ratio: 4.03±0.1l Average ratio: 5.57± 0.11 
Analysis of Variance 
Source of variation Sum of squares Degrees of freedom VariancE 
Between inocula 
Error 
Total 
8.1397 
1.0354 
9.1751 
1 
12 
13 
Variance ratio F = 94.34 ; P ~ 0.001 
8.1397 
0.0863 
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TABLE IV C 
Yield of Influenza Virus following Intranasal Inoculation 
of Mice with Concentrated and Dilute Seed 
MEL-strain (A(Australia/1932) 
Inoculum:~109ID50 Inoculum:~104ID50 
HA/ml ID501ml ID/HA ratio HA/ml ID501ml ID/HA 
2.92 7.75 4.83 1.93 8.38 6.45 
3.19 8.30 5.11 1.81 8.~3 6.52 3.28 7.25 3.97 3.04 7. 2 4.38 
3.52 7.17 3.65 2.65 7.71 ~.06 3.52 7.90 4.38 3.10 7.78 .68 
2.92 8.00 5.08 2.68 8.33 5.65 
2.~5 8.16 5.81 3.22 8.73 5.51 2;; 0 8.05 5.25 3.10 8.39 5.29 
Average ratio: 4.76:t 0.25 Average ratio: 5.44± 0.26 
Analysis of Variance 
Source of yariation Sum of squares Degrees of freedom VariancE 
Between inocula 
Error 
Total 
7.6766 
1.8632 
9.5398 
1 
14 
15 
Variance ratio F = 57.68 ; P < 0.001 
7.6766 
0.1331 
3053 
TABLE IV D 
Yield of Influenza virus following Intranasal Inoculation 
of Mice with Concentrated and Dilute Seed 
LEE-strain (BLUnited States/1940) 
Inoculum: 109ID50 
HA/ml ID50/ml ID/HA ratio 
4.82 
4.60 
4.98 
4.53 
4.32 
4.04 
4.04 
4.34 
Average ratio: 4.46:!: 0.12 
Analysis of Variance 
4 
Inoculum: 10 ID50 
HA/ml ID5c1ml ID/HA 
2.05 
2.23 
2.59 
Average ratio: 5.36 ± 0.19 
SOurce of variation Sum of squares Degrees of freedom Varianc1 
Between inocula 
Error 
Total 
1.7722 
1.0135 
2.7857 
1 
9 
10 
Variance ratio F "" 15. 74 0.01)- P /' 0.001 
1.7722 
0.1126 
3.53 
TABLE IV E 
Yield of Influenza Virus following Intranasal Inoculation 
of Mice with Concentrated and Dilute Seed 
sw-strain (Swine influenza/United States/1931 
Inoculum:~109ID50 
HA/ml ID501ml ID/HA ratio 
7.20 
8.25 
8.37 
7.80 
7.38 
7.17 
4.88 
4.97 
4.88 
4.28 
4.73 
3.98 
Average ratio: 4.62 ± 0.16 
Analysis of Variance 
Inoculum:~104ID50 
HA/ml ID5o!ml ID/HA 
2.23 
2.83 
2.92 
2.74 
2.65 
3.04 
7.70 
8.57 
8.21 
8.35 
8.42 
8.16 
5.47 
5.74 
5.29 
5.61 
5.77 
5.12 
Average ratio: 5.50± 0.11 
Source of variation Sum of squares Degrees of freedom Varianc, 
Between inocula 
Error 
Total 
2.3144 
1.1341 
3.4485 
1 
10 
11 
Variance ratio F = 20.41 ; P = 0.001 
2.3144 
0.1134 
3.54 
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seed. The infectivity titres were ,however , considerably 
lower than would be expected for fully active preparations 
of allantoic fluid harvested at maximum activity. This 
could be accounted for by two facts; 
1. During the preparation of mouse lung suspen-
sions, the virus is subjected to a temperature of 37°C for 
30 minutes, after grinding with alundum, f(bihihowed by spinn-
ing and then amp0uling. These conditions will cause some 
inactivation of infective virus. 
2. The multiplication of influenza viruses in 
the mouse lung is slower than in the chick embryo, and 
inactivation of newly formed virus during this time will 
give a lowered infectivity of the final yield, especially 
as the temperature is higher than in egg incubators. 
Nevertheless, the uniform ratio of infective dose to haem-
agglutinin content after dilute inocula, given by the 
five strains tested, provides a basis for the dete<!tion 
of any abnormal production of either haemagglutinin or 
infective virus. This average ratio of 5.46 is 0.80 
loglO units (6-fold) lower than the ratio given by allantoic 
fluids harvested after inoculation of dilute seed. 
The results shown in Table IV indicate that 
each of the five strains tested, formed incomplete virus 
when inoculated intranasally into mice as concentrated 
3.55 
3.54 - 3.55 
inocula. The strains could be arranged into a gradient 
according to the incomplete virus produced. PR8, WSE 
> LEE, SW, MEL. The difference between the two extremes 
PR8 and MEL was only 5-fold and the fact that LEE formed 
approximately equal amounts of non-infectious particles 
in the mouse lungs as does PR8 is in striking contrast to 
its behaviour in the allantoic sac. 
Since the "missing factor" hypothesis could 
account for the graded production of incomplete virus in 
the allantois only by postulating graded requirements for 
this substance by different strains, it follows that the 
gradients should be the same whatever the host, though 
quantitatively the position of the gradient may be altered. 
That the gradient of the production of non-infectious 
particles is different in mouse lungs and the allantoic 
cavity renders this hypothesis untenable in the form 
proposed. 
~. 
~.l 
~.ll 
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GRADIENTS OF BEHAVIOUR AMONG 
INFLUENZA STRAINS 
Introduction 
~ - ~.l2 
It has been shown in the previous chapter 
that influenza viruses fall into two distinct gradients 
of incomplete virus production when grown in the 
allantoic membrane of eggs or in the mouse lung. 
Beyond demonstrating this fact the experiments gave 
no fl~ther hint towards the understanding of the 
phenomenon. In the absence of a better lead it 
seemed profitable to look for other properties of 
these viruses which would follow the same sequence. 
Any strict correlation, positive or negative, would 
considerably narrow the field of investigation as 
it would suggest either causal relationship between 
the two phenomena, or point to a common mechanism. 
Described by Burnet (l~5), the gradient 
of adsorption of influenza viruses to red blood cells 
~receptor gradient") has been studied extensively 
first at the biological level, (Burnet, McCrea and 
Stone, l~; Stone, 1~7; Hirst, 1~8; SzSllBssy et 
al, 19~), and then, following Hanig1s (l~8) funda-
mental paper, also by biophysical means (Ada and Stone, 
1~9, 1950; Stone and Ada, 1950, 1952; Stone, 1951). 
lr.12-lr.13 
After it became possible to prepare indicator 
viruses from all influenza strains (Stone, 19!.r9a), 
similar investigations were made on the interaction 
of these viruses and various inhibitory mucoids. 
Thus the II inhibitor; gradient" of ovarian cyst mucin, 
, ~ 
ovomucin and sheep salivary mucin was established by 
Stone (19lr9b); of the urinary mucoid by Burnet (1952); 
of human nasal mucus by Fazekas de St. Groth (1952); 
of human salivary mucin by Curtain et al (1953) and 
Marmion et al (1953). Although none of these studies 
dealt with the interaction of virus and host cells as 
it is being undertaken in this study, they provided 
valuable technical information on which appropriate 
methods can be developed. 
The following seetions are concerned with 
designing and testing such methods, and with investi-
gating the receptor gradients of influenza strains 
in the two host tissues in which production of incom-
plete virus has been studied, viz., the respiratory 
surface of the mouse lung and the lining of the 
allantoic cavity of the developing chick. 
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~.2 Gradient in Mouse Lungs 
~.2l Introduction. 
Hirst (1~3) studied the adsorption and 
elution of influenza viruses in excised mouse, ferret 
and rabbit lungs. He used the two strains PR8 (A) 
and LEE (B), and found marked differences in their 
reaction rates. PR8 was adsorbed more quickly and 
completely but did not elute as completely as LEE. 
The pattern was very similar in mouse and ferret 
lungs while adsorption was not as complete in rabbit 
lungs, but elution could still be demonstrated. The 
virus at the end of the elution period was unaltered 
in haemagglutinin content and infectivity for mice, 
and thus showed a close parallel between this reaction 
with cells of the respiratory tract, and fowl red 
blood cells (Hirst, 1~2, 1~3; Bj8rkman and Horsfal~, 
1~8). The adsorption phase was demonstrable also in 
the living ferret, but no elution occurred. 
Stone (19~8 a, b) reported the action of 
RDE on the cells of the allantois and mouse lungs 
in vivo. A gradient was demonstrated in the concen-
tration of RDE necessary to prevent infection by 
different strains of influenza virus. The receptor-
destroying enzyme of Vibrio cholerae had no toxic 
• 
effect for either the allantois or the mouse. Five 
strains tested in the allantois could be arranged 
thus LEE > BEL:> MEL > SW :> CAM, in the order of their 
resistance to infection after RDE treatment. The 
position of CAM was not definitive as the particular 
strain used was not fully adapted to allantoic growth 
at that time. 
RDE administered either intranasally or 
inhaled as a mist, whilst not adversely affecting 
mice, afforded protection varying about 100 fold 
against five strains tested. The order of resistance 
was different from that in the allantois, giving the 
gradient SW> LEE> PR8, WSM> MEL. 
Fazekas de St. Groth (1948a) reported the 
artificial destruction of "receptorsll in the excised 
mouse lung by RDE. Using the LEE strain of influenza 
virus, it was shown that suitable RDE treatment could 
completely prevent adsorption of virus, and could 
quantitatively remove any virus adsorbed to normal 
lungs. These results closely paralleled those pre-
viously reported of the action of RDE on fowl red 
blood cells (Burnet and Stone, 1947), 
F~zekas de St. Groth and Graham (1949) 
studied the action of potassium periodate on the 
lj..21 
"receptorsll of the respiratory tract of the excised 
mouse lung. Hirst and Hotchkiss (19l.f.5) had pre-
viously reported the destruction of IIreceptors" on 
- , 
red blood cells by concentrated preparations of the 
same chemical. Our later work demonstrated in 
addition a "modifyingtl effect by using more dilute 
-
solutions, after which the adsorption of influenza 
virus was unaltered, yet RDE could not remove it, 
nor did spontaneous elution occur. These results 
closely paralleled the 10lj. action on red blood 
cells (Fazekas de St. Groth, 19l.f.9), and a variation 
among several strains to periodate treatment was 
again reported. 
Thus PR8 and LEE have been shown to vary 
in their adsorption-elution rates, to and from red 
blood cells and mouse lung cells, and together with 
several other strains, to their resistance to KI0lj. 
and RDE treatment of susceptible cells. 
It was thought that following these results 
a detailed study of adsorption following periodate 
treatment, and elution of virus by RDE may throw 
some light on the present problem. The following 
experiment was designed to explore this possibility. 
4022 
4022 Adsorption and Artificial Elution of Influenza 
viruses in Periodate-treated Excised Mouse Lungs. 
Mouse lungs were prepared as described in 
10.42. Three changes of 0.5 m1 saline were used to 
wash the lungs, and the expelled fluids were dis-
carded. 
(a) Adsorption of Influenza Viruses 
0.5 m1 volumes of saline containing various 
amounts of influenza virus were drawn into groups of 
3 normal lungs, 0.1 m1 expelled and again sucked 
into the lung. This ensured adequate miximg of the 
new fluid with the residual amount in each lung. 
After 15 minutes at room temperature the fluid was 
expelled from the lungs and titrated for haemagglutinin. 
From these results the adsorption ability of each 
strain was measured and the titre required to give 
saturation determined. 
(b) Artificial Elution by RDE. 
Experiment (a) was repeated, using the 
newly calculated titre of virus in 0.5 m1 saline. 
o 
After this fluid was removed and kept at 4 C as 
Sample A for haemagglutinin titration, the lungs 
were washed twice with 0.5 m1 volumes of calcium 
saline and then 0.5 m1 of 2-fold dilutions of RDE 
in calcium saline were drawn into each lung. The 
4.22 
lungs were placed in a warm-room at 37oC. After 
30 minutes the fluid was expelled from the lung 
and together with Sample A titrated for haemagglutinin 
content. All titrations were carried out using 
citrate saline as diluent in order to nullify any 
action of the RDE present on the red blood cells 
(Fazekas de St. Groth, 1948). 
This experiment was designed to determine 
what concentration of RDE was necessary to remove 
all available virus adsorbed to the cells. The 
minimum RDE requirement was calculated. 
(c) P9riodate Treatment of Excised Lungs. 
On the results obtained in (a) and (b) 
a single experiment was designed. Groups of 4 lungs 
were prepared, and 0.5 ml volumes of KI04 dilutions 
were drawn into each. A standard experiment covered 
the range from -H- to -H--8 0 in twofold steps, as 100 12 0 
well as the interdigitating series from -H- to 
l~ ~ ,with a double group as untreated controls. 9 00 
The aspirated fluid was mixed as in (a), and allowed 
to stand for 10 minutes at room temperature. Each 
lung was then collapsed, the fluid removed, and the 
lungs washed once with 0.5 ml of glycerol saline. 
0.5 ml of allantoic fluid was then drawn into each 
4.22 
lung and after mixing was kept at room temperature 
for 15 minutes. The fluid was then expelled and 
o 
removed as Sample A, being kept at 4 C until required. 
The lungs were then washed once with saline and once 
with calcium caline, and 0.5 ml of calcium saline, 
containing 200 units of RDE was then drawn into each 
lung. This amount is five times the minimum required 
to remove all virus. After 30 minutes at 37°C the 
o 
fluid was expelled and kept as Sample B at 4 C, until 
both Samples A and B were titrated for haemagglutinin. 
Any lung which leaked fluid into the supporting 
paraffin oil, or from which more than 0.1 ml leaked 
upwards into the canule, during the experiment was 
discarded. 
All haemagglutinin titrations were carried 
out using citrate saline as diluent. 
The original allantoic fluid was titrated 
in triplicate with Samples A and B, and any experi-
ment, in which the titre of virus eluted was signifi-
cantly different from this original was discarded. 
Table I shows the details of these experi-
ments. Each number shows the amount of adsorbed virus 
after treatment with varying dilutions of periodate. 
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TABLE IB; Elution of Influenza Virus in Periodate-treated Mouse Lungs 
WSE (A) 
Resi~roca~ of the Mo~~~~~ of f~iod~te Di1ution~ 
~OO ~OQ 300 troo 60Q 800 ~200 .600 ~lroo 3~00 lr800 6lroo 2600 1~800 S 
lr.5 lr.5 lr.5 lr.5 > 5.0 lr.o 2.0 0.6 1.lr 
3.8 ~ 2. 0 lra2 lr.2 3·2 1.2 2.~ 0:3 -O.l Mean 
1t.12 lra 72 lr. 20 lrSO It· lr2 2.22 2.10 0.lr2 0.62 
5.0 ';> 5.7 3.2 1.5 202 0.2 -Oolr 
> 5.7 lr.8 lr.7 2.8 1.0 0.7 o.lr 
5.1 ';>~.7 1.lr 2.7 1.2 1.0 0.0 
12 ~.lr 0.0 
Mean 2. 2Z 2123 3t~0 6e33 ~tlr2 0.63 0.00 
~:~ > ;.8 3.lj. ;.1 lr.7 lr.9 lj..2 .. 2.) lr.lj. 1.2 2.3 0.7 -0.7 -0.7 > 5.8 ~.1 5.2 lr.lt 5.2 lr.3 2.3 3.lr 1.3 2.2 0.2 -1.1 0.2 5.1 ;.1 .2 2.7 3.3 lr.5 3.~ 3.2 1.3 0.0 O.lr 1.2 0.1 212 2'~ > 2. 8 2. 3.2 OaZ 
, 
Mean lr.Z3 2Rlr8 lr.lr8 lraZO lr.;/.3 2.02: lr.33 2.63 3.68 ~·;/'3 1.20 0.lr3 -0.20 -01~3 
5.; > 6.6 lr.9 >6.6 ;>6.6 ~.2 5.lr lr.1 0.7 0.; 0.3 .0.0 ~.5 :> 6.6 ~6.6 >6.6 5.0 .1 2.6 0" 2.0 -0.1 1.0 -o.lr 
.5 > 6.6 >6.6 5.9 >6.6 0.1 lr.l 1.6 302 0.2 2.2 0.0 
4'2 >6.6 2·3 2.5' l'Z 3·1 1.0 3.5' -0·2 le 2 0.0 
Mean 21 00 6.60 2.;/,0 lr.Z8 2.23 3.Z8 3.80 J..80 ,.32 0.03 1.18 -0.03 
lr.9 3.0 5.5 5.3 ~.lr ~.lr l·t 1.2 1.8 -0.1 0.1 -0.2 3.1 5.9 5.2 2'fi .0 ,0 2, 5.2 -0.2 0.9 O.lr -0.2 5.0 5.9 5.6 6. ~:~ 5.0 2.6 2.lr 3.1 0.2 1.2 -0.2 lr.lr 21J. 3.§ 6.8 3!J. ~.8 1.0 2.lr -0.:1. 2.0 -Oi~ 
Mean lr.35 lr.98 5.03 5.45 lr.78 lr.38 2.lr3 2.lr5 1.78 0.23 0.93 -0.18 
Grand 
Mean 1t.15 1t.70 5.60 lr.91 lr.93 lr.9lr lr.27 3.60 2.30 2.38 0.lr9 1.32 0.lr3 0.60 0.00 
!t.22 
TABLE u; Adsorption of Influenza Virus in Periodate-treated Mouse Lungs 
WSE (4) 
Reciprocal Of the Molarity of Periodate Dilutions 
100 200 300 !too 600 800 1200 1600 2!tOO 3~00 !t80Q 6!t00 9200 12800 S 
o.~ Oo~ !t.9 16.3 >6.3 5.1 
-0. 3. 3.1 !t.3 >6.~ > 6.3 
-0.3 -0.1 0.3 109 ~:3 ~.2 0.9 -0,3 1.5 2·3 01 
Mean 0013 0.88 2e!t5 3·70 5.08 !t.68 
-007 -0.6 2.9 > ~.o >5.0 >5.0 > 5.0 ~.6 >5.0 
-1.5 -O.!t .> 5.0 ·5 >5.0 >5.0 . > 2. 0 .2 > 2.0 
Mean-I. 10 -0. 20 3.92 !t.72 2. 00 5.00 5.00 !t.05 5900 
!t.3 >5.7 >5.7 > 5.7 >5.7 >5.7 > 5.7 
1.3 3.3 5.1 >5.7 >5.7 >5.7 3.1 !t.2 >5.7 >5.7 >5.7 >5.7 >5.7 > 5.7 
>5.7 >5.7 > 507 
Mean 3·27 5·10 5.5 5.70 5.70 5.70 2.05 
0.7 3.5 3.!t !t.7 3.2 5.2 >5.8 >5.8 !t.9 >5.8 5.2 >5.8 ~.2 !t.6 
- 0.6 1.7 3.3 ~.2 5.2 >5.8 5.2 >5.8 >5.8 >5.8 5.2 5.1 .7 5.2 
-0.6 ~.o 0.5 .7 5.2 >5.8 5.2 >5.8 5.2 !t.3 5.2 5.2 !t.9 >5.8 
.2 ~.3 2.2 >5.8 5t2 >29 8 
Mean 
-0.17 3.23 2.38 !t.95 !t.53 5.60 5.60 5.80 5.28 5.!t3 5.20 5033 !t.93 5.20 
1.5 5.2 >6,6 >6.6 >6.6 :>6.6 >6.6 >6.6 >6.6 6.6 >6.6 >6.6 
2.5 ~.1 5.5 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 1.2 > ,6 
. >g:~ >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 > 6.6 1·5 3.8 >6.6 >6 9 6 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 
Mean 1.68 !t.68 6.15' 6.60 6.60 6.60 6.60 6.60 6.60 6.60 6.60 6.60 
-0.2 1.8 1.!t 5.8 6.9 6.8 6.6 6.9 > 7..5 6.6 6.8 6.8 
O.!t 1.1 1.8 608 6.6 6.8 6.2 6.9 6.8 '> 7..5 6.6 60 8 
0.8 0.9 2.!t 6.8 6.5 5.7 >7.5 >7.5 6.8 6.6 6.9 6.8 
1.2 2.1 5.0 2.7 6.0 2.5 6.8 .>7.2 >7.2 >7,2 6.6 6.2 
Mean 0.551.!t8 2.65 60 28 6.50 6.20 6.78 7.20 7.15 7.05 6.73 6.75 
Grand 
Mean -0.28 0.6!t 3.15 3.76 5.85 5.31 6.18 5.92 6.37 6.05 6.23 6.07 5.37 !t.68 5.61 
4.22 
TABLE U; Adsorption of Influenza Virus in Periodate-treated Mouse Lungs 
PR8 (A) 
Reciprocal of the Molarity of Periodate Dilutions 
100 200 300 400 600 800 1200 1600 2400 3200 4800 6400 S 
0.0 0., 0.3 3.3 4.7 5.1 0.0 o. 0.9 3.4 4.3 5.4 0.2 0.2 o.lf 1.8 3.9 6.1 
-0.2 -0.3 0.2 1.3 3.2 5.2 
-0.2 -0.2 0.6 1.2 2.3 6.1 
0.1 -0.1 0.2 0.4 2.2 6.1 
Mean -Q.02: Oi l 2: Q.43 1..20 3.83 2. 6Z 
-0.2 0.2 2.5 4.0 2.7 5.8 4.4 ,.1 
-0.3 0.0 1.1 3.5 5.5 6.0 5.7 .7 0.0 01 3 310 6.1 6.0 6.0 4.Z 
Mean -0.1.2 o·1.Z 1..80 3.5'0 4.72 5·93 2e3Z 4.83 
0.4 
-0.7 0.7 6.3 ,.2 5.2 5.3 i· 5 0.0 -1,7 -0.2 2:.1. . .8 3.4 If.9 .1 
Mean olgo -J..go oag2: 2:.Zo 2.00 4.30 2:.10 4.80 
5.4 3.0 4.5 7.3 7.6 7.0 6.6 6.1 
-0.1 3.5 3.8 7.3 7.1 6.4 5.1 5.4 
2.9 4.1 7.9 7.9 6.0 5.4 5.1 
3.8 
Mean ~.6l 3.J.3 !taJ.3 212:0 212:3 2.42 2:·Z0 2.10 
0.4 2.7 6.0 3.3 3.0 5.4 5.4 5.4 4.0 5.6 ,.7 4.7 
-0.3 0.6 2.7 5.4 4.2 ~.8 5.6 4.5 7.2 4.2 3.9 0.7 2.9 2.lf 2.4 6.2 .2 6~1 6.~ 6.7 6.2 4:l 3.4 1·2 2.2 1·3 4.9 3,7 4.8 7.4 6. 4.5 6.6 4.6 3.6 
Mean 0.68 2.10 3.10 4.00 4.g8 4.55 6.13 2.62 2.60 5.62 4.92 3·90 
1.2 0.1 0.7 1.7 5.5 3.4 5.2 3.1 5.5 ,.1 ,.8 4.1 0.1 0.5 1.2 2.5 3.2 3.5 ,.3 3.5 5.2 .6 .8 3.7 0.3 1.1 0.7 6.0 1.4 1.7 .7 5.1 5.6 4.7 ,.4 4.7 Q.2 4.3 0.2 1.2 Z.4 2.l 2.4 6.J. 2. 0 4.3 .Z 3.3 
Mean 0.45 0.50 0.88 2.85 4.38 3.43 5.15 4.45 5.28 4.68 5.18 3.95 
Grand 
Mean 
-0.04 -0.10 1.54 1.40 3.21 3.47 4.29 4.68 5.43 5.47 5.15 5.04 4.73 
It.22 
TABLE IB; Elution of Influenza Virus from Periodate-treated Mouse Lungs 
PR8 (4) 
Reciprocal of the Molarity of Periodate 
100 200 300 ltoo 600 800 1200 1600 2ltOO 3200 lt800 6ltoo s 
2.7 It.7 ~.6 5.2 It.6 3.3 3.6 -0.6 It.o 5.4 .7 5.7 It.1 2.7 2.7 0.0 
It.o ;..5 5·5 6.1 3.6 > 6.7 003 
Mean 3.'£7 It.87 5'.27 5.67 It.10 3·00 It.33 -0.1 
3.7 It.7 3.8 It.3 It.3 2.9 1.6 0.3 
5'.9 3.6 5'.1 It.7 It.1 2.1 2·3 0·3 
Mean It.80 It.15 It .lt5 It.50 It.20 2.50 1.95 0.30 
5.5 6.2 6.lt It.O 2.8 0.8 1.5 1.1 
7.3 7.3 7.3 It.9 3.lt 1.1 1.1 0.0 
7.8 7.1 It.1 2.9 2.1 1.1 0.5 
-1'2 
Mean 6.lto 7.10 6.93 It.33 3·03 1·33 1.23 0.03 
... 2.6 3.9 5.9 2.2 6.lt 3.2 It.8 1.8 2.2 -0.2 0.9 0.2 
3.8 It.lt 5.7 6.5 5.9 3.0 2.0 0.8 3.3 2.0 2.2 0.0 
3.9 5.8 6.4 ~.8 5.4 2.7 It.2 2.2 3.lt 1.3 1.6 0.0 5.0 5.2 6.7 .9 5'.8 2.7 2.5' 2.lt 2.9 0.9 3·0 -0.2 
Mean 3.83 It.25 6.18 It.85' 5'.88 2.20 3138 1.80 2.25' 11 00 1.23 0.00 
-~,--,.--~.- ---
3.7 5.lt It.8 6.1 It., 5.3 It.1 5.1 0.1 1.7 0.3 0.1 
4.7 5.1 5.5 5.1 ~.5 6.1 It.2 
.. ~~.~ 0.2 1.5 0.1 0.0 It.5 5.1 5.5 ~.8 .3 ~.'5 2.5 1.2 2.2 -0., 0.1 It.5' 3.0 5'.2 It.8 ·3 3·1 3·2 1.8 0.2 -0·3 0.3 .8 
Mean It.35 It.65 5.25 It.95 It.78 It.80 3.lt8 It.18 0.83 1.ltO -0.10 0.13 
Grand 
Mean It.06 It .lt5 It.89 5.5lt 5.lt7 5.58 It.lto 3.99 3.11 2.5lt 1.19 1.62 0.06 
4.22 
TABLE IA: Adsorption of Influenza Virus in Periodate-treated Mouse Lungs 
MEL CA) 
Rec!procal ot the ~olaritI of Periodate 
100 200 300 400 600 800 1200 1600 2400 3200 4800 6400 9600 12800 s 
0.6 0.5 1.5 2.5 5.8 4.5 5.1 4.5 
-°.3 Ot1 ~t6 3.:L 2:11 4t2 4.6 4.2 
Mean 0.12: 0·30 2.02: 2.80 5.42: 4.60 4.82: 4.60 
-0.2 -0.1 1.8 1.9 0.6 5.7 3.3 3.4 
-0.2 -012 -0.1 113 > 6.2 32 0 3.g 3.3 
Mean -01 20 -0.J.2: 0.82: 1.60 311 40 4132: 3.22: 3132: 
~.2 >6.7 >6.7 5.1 404 5.3 3.7 4.3 
.7 >6.7 6.1 5.2 5.2 4.9 4.0 403 
5.4 >6.7 4.6 4.7 4.8 4.9 5.0 3.6 
4.6 
Mean 2:.J.0 6.70 5.80 2:.00 4.80 2:.03 4.23 4.20 
-1.1 2.4 0.9 4.1 3.3 6.4 6.1 6.0 5.7 4.4 4.4 5.9 0.2 0.9 0.0 4. 0 2.3 6.5 6.0 6.8 5.2 4.4 3.9 603 
-0.4 0.0 0.4 .0 3.3 6.4 6.8 6.4 6.1 5.8 ~.1 ~.4 
-0 1 2 J.I~ 1.2 2.3 ll2 6.4 6.~ 112: 2.l 6.3 .6 .1 
Mean O.lO J..13 0.80 3.32: 3.50 6.43 6.28 6.18 6.03 5'.20 4.5'0 l.43 
0.9 -0.1 1.4 2.4 1.4 4.4 5.5 5.6 4.9 5.7 5.1 4.9 0.4- 1.9 1.4 2.0 2.9 5.3 6'i '5.7 5.7 5.5 4-.9 5.5 
-0.4 1.3 1.3 2.6 2.9 5.0 '5. ~.5 5.3 6.0 5.8 '5.6 0.4 3.l 3.0 ;L.6 .. 3·7 2:.4 4-.9 .6 5.5' 5.9 l.6 4.8 
Mean 0.33 1.6'5 1.78 2.1'5 2.73 '5.00 5.58 5.35 '5.3'5 '5.78 5.3'5 '5.20 
Grand 
Mean -0.03 
-0.03 1.39 1.31t 2.7'5 2.89 5.99 '5.'50 '5.55 5.69 5.31 4.83 4.23 4.05 ,.20 
4.22 
TABLE IB: Elution of Influenza Virus in Periodate-treated Mouse Lungs 
MEL (A) 
Bec~D~oca1 oi the MolaritI of Per~ogate 
100 200 300 400 600 800 1200 1600 2400 3200 4800 6400 9600 12800 s 
3.5 4.1 4.8 3.8 3.7 3.7 1.1 0.5 -0.2 
4.0 410 214 21 0 3a6 0.6 0.6 0.2 -0.1 
Mean 3·72 4.02 2110 4.40 3.62 2.12 0.82 0'20 -0.12 
2.9 3.2 4.8 4.7 4.7 3.7 -0.2 -0.5 
3·2 2.8 3.6 4.? > 6.2 2,7 1.9 -0·5 
Mean 3.l0 3.00 4.20 4a20 2242 3.20 0.82 -0.20 
5.1 4.0 3.2 4.0 0.7 1.1 0.5 0.1 
4.7 4.2 2.8 400 1.2 -0.2 0.0 0.1 
5.1 5.2 401 1.4 1.0 0.2 0.2 -1.0 
0.6 
Mean >+,22 >+.>+2 3.32 3.13 0.22 Od2 0.23 -0.02 
2.5 >+.>+ 2.7 3.0 2.8 3.1 2.0 0.3 1.1 0.1 0'4 0.0 3.2 3.9 3.3 3.8 2.8 3.1 1.9 0.7 -0.1 -0.2 O. 0.1 
1.9 . .i~)9 .. 3.3 . 3.9 301 2.0 1.>+ 0.4 1.9 0.1 0.1 -0.5 
2.0 3.4 2.7 -.- 3.1 Jro.2 ;\..4 liD 0.2 1a3 0.3 -;Lt O 010 
Mean 2.40 3.20 3.00 3.>+2 2,62: ~.>+O 11 28 0'28 1.02 0.08 0.00 -0.10 
3.4 4.0 4.6 3'4 4.4 4.2 2'2 4.0 1.6 1.1 1.0 0.0 2.6 4.4 4.4 3. 5.5 4.9 2. 3.0 1.9 2.4 1.6 -0.1 4.6 2.7 .3 4.4 3.9 3.7 305 2.0 0.7 1.2 1.4 0.0 3. 9 3'2 3·9 4S 4.8 5-3 2.8 1·2 -0.1 1.4 1·4 0.0 
Mean 3.63 3.65 4.55 3.95 4.65 4053 2.95 2.73 1.03 1053 1.35 -0.03 
Grand 
Mean 3.>+0 3.18 3.78 4.07 3.70 4.15 3.74 3.09 2.05 1.26 0.85 0.97 0.23 0.68 -0.13 

4.22 
T Ali\I,1j!IB ; Elution of Influenza Virus in Periodate-treated Mouse Lungs 
BEL (A) 
R~c~~~oQal o~ tb~ Hol2l~tI of Pe~iodate 
100 150 200 300 400 600 800 1200 1600 2400 3200 4800 6400 S 
4.8 4.8 4.8 5.6 5.2 4.7 1.9 0.4 
5.5 4.3 4.3 4.8 1.0 0.1 -0.2 
4.7 4.9 4.7 5.2 5.6 2.2 0.5 -0.1 
2.6 4.2 4.g 212: 2.Z l.5: -0.1 -0.1 
Mean laJ.l 4.Z3 4.20 22g3 2.20 g.32 0'22 0.00 
6.6 5.4 6.1 6.5 6.7 5.8 5.1 3.8 6.2 0.1 2.8 0.8 
6.5 5.7 5.8 6.3 6.5 2.8 3.6 3.7 6.3 0.7 1.3 -0.5 6.8 5.8 6.8 6.8 6.1 6.1 4.8 1.6 4.7 0.8 0.7 -0.2 
6.1 6.4 21 8 618 2.8 O.Z 316 1.Z -0.2 
Mean 6,20 2.63 6.28 6.32 6.23 4.38 4.20 gl42 22 20 . 01 23 1.63 -0 203 
~.o 2.6 3.5 ~.7 6.9 6.0 3.7 3.1 3.9 1.7 0.8 -1.0 
.6 3.0 3.8 .0 4.8 ~.o 2.4 4.0 0.0 1.~ D.1 0.4 3.5 2.0 3.4 3.0 3.0 .7 4.0 5.7 1.~ 3. 0.4 -0.1 3.2 412 3.2 gso lt3 l.4 2. 0 gz ~.~ l.2 016 
Mean 4.22 3.03 3262: 3.18 'i. 00 2. 23 g.88 4.42 1.20 21 g0 Oi 80 -0.03 
4.0 4.~ 4.7 2.0 3.4 3.9 3.5 2.0 4.3 2.0 2.6 0.4 4.9 3. 4.6 2.5 3.3 5.4 3.9 4.1 3.1 1.3 2.7 0.0 4.6 5.3 4.0 3.0 3.3 3.7 4.0 3.0 4.5 1.6 2.2 0.0 
.. -
4.4 4.0 4.3 2.4 2.2 4.2 gl2 4.2 . 01 2 2.6 0.3 
Mean 4.48 4.30 4.40 2.50 3.85 3.98 a.98 2.90 It.1, 1.lto 2.53 0.18 
Grand 
Mean It.63 3.66 It.82 3.71 It.91 5.16 5.25 3.38 It.60 1.92 3.07 0.69 1.09 -0.02 
TABLIji Ui Adsorption of Influenza Virus in Periodate-treated Mouse Lungs 4.22 
CAM (A) 
ReCiprocal of the Molarity of Periodate 
25600 50 75 100 150 200 300 400 600 800 1200 1600 2400 3200 4800 6400 12800 51200 s 
102400 
0.0 0.4 0.7 5.2 5.4 5.1 0.1 0.4 0.9 5·3 5'·3 5.1 
Mean 0.05 0.40 0,80 t:~5 ,:J2 51.10 -0.5 0.6 1.3 5.7 5.3 3.3 5.5 3.2 
-0.3 0.2 1.3 4.1 6.1 6.3 4.7 5.3 5.6 3.3 5.1 
~.1 
.5 3.7 
Mean 
-0.40 0*40 .1.30 2.35 2135 6.00 2.00 4.30 4.2iii 3.25 
1.3 3.7 4.~ 5.7 >6.2 5.6 >6.2 ).6.2 >6.2 5.6 0.1 1.7 I. 5.5 5.6 5.6 >6.2 5.5 >6.2 >6.2 
>6.2 
>6.2 
>6.2 
>6.2 
Mean 0.70 2.70 3.20 5.60 5.20 5.60 6.20 5.82 6.20 5·20 
-0.2 0., 0.5 3.0 1.2 4.1 1.2 6.9 4.9 3.2 5.1 4.5 3.1 4.0 3.9 
-0.4 0.2 1.1 3.1 1.2 5.9 1.3 5.8 2.5 6.4 5.1 3.5 5.7 ~.9 ~.O 0.0 1.5 0.7 5.1 1.7 5.3 1.7 5.1 5.2 5.1 4.2 5.1 5.0 
.5 
.9 
4.5 
4.1 
-
4.6 
Mean -0.20 0.71 G.73 3.71 1.33 a.%0 I.ia 2.91 4.20 4.QO 4.80 4.36 4.60 4.80 4.20 
-0.3 0.2 0.1 0.9 0.9 3.5 5.4 5.9 4.0 6.0 5.4 5.3 0.1 0.3 1.0 0.4 1.3 4.1 5.0 5.3 5.3 5.6 5.4 5.8 
0.3 0.1 0.7 -0.8 0.2 3.5 6.5 7.1 4.2 6.4 6.0 5.2 
-1.0 3·9 0.0 -1.0 3·0 3·2 6.5 5.2 5.4 4.0 
Mean 
-0.23 1.13 0.45 -6.13 1.:35 3.55 5.85 6.10 4.68 5.85 5.20 5.43 
Grand 
Mean-O.23 0.96 0.32 1.86 0.82 5.10 1.56 4.59 5.00 5.44 5.49 4.70 5.06 5.40 5.40 5.08 5.56 4.79 
4022 
TABLE IB: Elution of Influenza Virus in Periodate-treated Mouse Lungs 
CAM (AI) 
Reciprocal of the Molarity of Periodate 
2$600 
50 75 100 150 200 300 400 600 800 1200 1600 2400 3200 4800 6400 12800 51200 S 102400 
4.3 5.2 407 302 3.2 4.1 209 1.1 -0.3 001 
4.8 4.9 4.7 4.5 3.3 3.8 1.3 -0.1 -0.5 0.1 
-0.2 
0.1 
0.2 
0.3 
Mean 4.22 2. 02 4.Z0 3. 82 32 22 3.22 '.lO Qt20 -o.OZ O.lO 
4.7 4.9 ~.5 4.2 ~.2 2.2 0.8 0.7 -0.1 -0.1 4.8 4.8 .9 5.2 .9 2.3 0.6 0.5 -0.3 -0.2 
-003 
0.7 
0.1 
Oa2 
Mean 4.Z2 4!82 2.,0 4.Z0 2. 02 2. 22 o.Zo 0.60 02 02 -0.12 
4.2 6.1 4.2 4.~ 5.0 5.3 5.0 4.1 6.2 1.2 4.0 1.6 3.9 0.5 1.0 ~.3 5.4 4.5 5. 5.2 5.2 4.2 4.3 5.5 .}.2 4.1 1.6 ~.8 1.3 0.3 
.3 4.3 4.2 3.1 5.0 5.3 4.9 4.1 5.1 2.0 4.7 1.1 .5 -0.8 -0.2 
-0.7 
0.5 
";0.4 
Mean 41",60 5.27 4.30 4.33 5.07 5.27 4.70 4.17 5.60 2.13 4.27 1.43 4.73 0.33 0.08 
3.5 ~.1 3.2 4.0 4.0 4.9 ~.5 4.5 1.4 1.3 1.5 0.1 3.9 4.0 ~.9 3.5 4.4 4.8 5:~ 4.8 1.2 1.2 1.1 0.1 3.5 4.9 .0 3.5 4.5 5.0 5.5 3.0 1.4 1.2 0.4 
3.3 3.8 3.2 3.6 312 2. 0 2.3 2.0 1.2 0.2 
Mean 3.55 4.20 3.75 3.65 4.10 4.93 5.18 4.93 1.90 1.28 1.18 0.15 
Grand 
Mean 4.00 4.66 4.50 4.00 4.51 5.27 4.59 4.60 4.84 3.87 4.42 1.43 3.11 0.87 1.28 0.55 -0.03 0.07 
4.22 
rABLE IA: Adsorption of Influenza Virus in Periodate-treated Mouse Lungs 
FMI (AI) 
Reciprocal of the Molarity of Periodate 
50 75 100 150 200 300 400 600 800 1200 1600 2400 3200 4800 6400 9600 12800 S 
Mean 0.07 1.40 2.33 2.97 4.50 3.57 4.90 4023 5.17 5.13 2.17 2.00 4000 4.80 
0.1 0.1 0.1 301 1.9 5.1 4.0 >6.1 5.4 ,>6.1 5.4 :>6.1 >6.1 :>6.1 
0.1 2.4 3.5 >0.1 3.1 5.2 5.4 >6.1 >6.1 >6.1 >6.1 >6.1 >6.1 >6.1 
-0.1 4.6 1.9 5.4 2.8 5.5 4.7 >6.1 5.5 >6.1 >6.1 >6.1 >6.1 >6.1 
Mean 0.03 2.37 0.63 4.87 2.60 2.27 4.70 6.10 2.67 6.10 2.87 6.10 6.10 6.10 
-0.8 0.2 0.1 1.6 2.8 2.6 3.8 3.2 4.9 3.8 4.1 
0.3 -0.4 0.2 1.3 1.2 2.9 3.8 4.1 3.9 5.1 4.1 
0.4 0.2 1.3 0.9 1.5 1.7 >5.8 5.2 ~.2 5.2 5.2 
0.8 1.2 1,2 0.2 2.2 3.1 3,2 3.1 2.2 2.1 
Mean 0.18 0.30 0.78 1.00 1.93 2.28 4.23 4.17 4.03 4.83 4.63 
1.4 4.0 5.5 6.1 5.4 5.9 
0.7 3.0 3.5 > 7.0 6.1 6.3 
2.~ 2.9 4.1 6.1 6.4 6.3 2. 3-5 4,2 603 6.1 603 
6.3 3.4 5.3 4.4 
6.1 5.3 6.3 5.6 
5.5 1.0 5.4 6.1 
6.3 2.4 '5'.3 603 
4.6 4.9 
5.6 3.7 
5.5 5.5 
'5' • '5' 3.2 
Mean 1.90 3.35 4.40 6.38 6.00 6.20 6.05 3.74 5.58 5.60 5.30 4.40 
Grand 
4.72 
5.1 
>6.1 
4.9 
>6.1 
>6.1 
>6.1 
2. 73 
3.4 
2.8 
3.3 
3·3 
Mean 0.18 0.15 1.44 1.46 3.19 3.52 4.34 4.59 5.19 5.42 5.50 5.73 4.83 5.26 5.51 5.30 4.40 4.72 
1;..22 
TABLE IB; Elution of Influenza Virus in Periodate-treated Mouse Lungs 
FMI (At) 
Reciprocal of the Molarity of Periodate 
50 75 100 150 200 300 1;.00 600 800 1200 1600 21;.00 3200 1;.800 61;.00 9600 12800 S 
Mean 1;.,1;.3 3.97 1;..17 3.27 1;..63 3.87 1;..87 3.67 3.10 2.03 
1;..1 3.6 1;..6 2.6 2.6 1.1 1.8 1.8 2.8 2.6 
1;..1 3.1 1;..1 2.6 3.9 1.5 2.1 2.6 2.1;. 2.1 
1;..3 2.1;. 3 .1;. 2.7 2.1 3.1 1.7 2.0 2.1 1.7 
0.9 
0.8 
0.1;. 
1.1;.7 1.90 0.90 0.70 
2.0 1.1 1.1 0.1;. 
1.5 0.6 0.9 0.1 
2.0 1.1 1.1 -0.6 
Mean 1;..17 3.03 1;..03 2.63 2.87 12 90 1.87 2.13 2.1;.3 2.13 1.83 0.90 1.03-0.03 
1;..2 1;.,2 1;.,1;. 3.2 1;..0 3.7 3.2 3.2 3.0 2.1;. 2.8 
1;..0 1;.,2 1;..0 3.2 3.3 3.8 3.2 2.9 3.2 2.3 2.8 
1;..1 3.5 1;..1 ~.2 3.8 ~.1 3.7 5.1 3.2 3.8 3.3 
1;..1 3.6 1;..2 3.8 3.8 1;..3 3.2 >5'.8 1;..1 3.2 1;..2 
3.9 3 .. 8 1;..1 1;..5 3.5 1.6 4.7 0.1 1.1;. 3.3 
~.7 4.2 4.4 3.5 2.9 3.8 2.6 1.6 0.9 1.1 
.5 5.4 4.4 4.9 ~.5 3.9 2.5 3.5 4.3 2.3 4.5 6.1 4.6 ?? .4 2.4 2'2 2.6 2·3 1.9 
0.8 0.3 
0.6 0.5 
1.9 1.6 
1.4 1.9 
4.15 1;..88 1;..38 4.60 3.58 2.93 3.08 1.95 2.25 2.15 1.18 1.08 
Grand 
0.9 
0.0 
0.0 
-0.2 
-0.2 
-0.8 
-0.05' 
-0.3 
0.1;. 
0.0 
0.2 
-0.2 
-0,3 
-0.03 
0.1 
0.3 
O.~ 
-0.9 
-0.03 
-0.3 
0.0 
0.5 
0.1 
Mean 4.10 4.13 3.77 3.97 3.72 4.00 3.06 3.72 3.52 3.01;. 2.67 2.22 1.62 1.48 0.87 1.18 1.08 -0.01 
lJ.022 
TABLE IA; Adsorption of Influenza Virus in Periodate-treated Mouse Lungs 
I.EE (B) 
R~~~~o~~ Qf tb~ Mol~~t~ of f~r~ogate 
37.5 50 75 100 150 200 300 lJ.oo 600 800 2f600 1200 1600 2lJ.00 3200 lJ.800 6lJ.00 12800 5 200 S 
102lJ.00 
0.9 1.7 108 2.0 3.9 7.0 
1.3 1.0 1.2 3.6 4.2 6.1 
Hem 1.10 1.35: 1.85: 2.80 lJ..lJ.o 6.5:5: 
1.0 0.6 1.2 3.5 lJ..2 lJ..9 lJ..~ lJ..6 ~.9 lJ..~ 0.8 0.8 2.9 lJ..3 1.8 lJ.. lJ..9 .9 5. 
lJ..8 
5.9 
lJ..2 
lJ..6 
Mean 0.20 G,ZQ 1.20 3,20 lJ..25: 3.35: lJ. .lJ.5: lJ.. 75 lJ..72 lJ..25: 
1.9 1.0 2.3 lJ..3 3.1 lJ..l lJ..l lJ..9 lJ..3 lJ.07 
1.3 1.6 1.8 3.0 lJ..3 lJ..7 lJ..o 5.1 lJ..9 5.9 
lJ..3 
5.0 
4.lJ. 
lJ..2 
Mean 1.60 1.30 2.05: 3.65' 3.70 lJ..lJ.o lJ..05' 5.00 lJ..60 5'.30 
1.8 1.0 1.2 3.2 2.7 lJ..9 lJ..lJ. 3.3 lJ..2 
3.9 
4.g lJ. .......... 
Mean 1.28 1.12 0.85' 2.13 2.03 3.62 3.50 lJ..5'2 lJ..12 lJ..65 lJ..22 lJ..25' 
2.0 1.9 2.2 2.7 1.8 lJ..l 2.9 ~.7 lJ..0 lJ..7 3.8 lJ..9 2.lJ. 2.2 2.1 2.1 3.1 ~.1 2.3 .1 5.7 ~.1 5.7 ~.o 2.3 2.7 2.~ 2.~ 3.1 .3 3.9 lJ..8 3.9 .2 4.5 .9 1.2 2.1 $! 31 ~.1 3.4 3.2: lila 4.1 4.2 3.2 3.2 
Mean gl l5' g.lJ.3 21g5: 2.6§ 2.5'3 3.23 3115' 4.23 4143 lJ..63 4.68 4.63 
1.1 1.2 1.3 3.5 3.3 2.6 4.0 4.5 4.5 ~.5 4.9 4.5 102 1.5 1.2 2.1 3.1 4.1 ~.3 4.9 5.0 .9 ~.o 4.6 1.7 1.3 2.3 4.0 2.1 4.6 .0 4.9 5.0 3.3 .3 4.1 
lag 1.2 Ja.g 1.2 3.1 4.2 4.2 2!~ 5:.0 ll~ 2!1 4.0 
Mean 1.30 1.30 1.5'0 218~ 2.20 4.05' 3.88 4.88 4.88 4.~3 4.83 4.30 
0.5 0.8 0.5 0.7 1.1 0.9 1.2 o.~ 4.5 0.2 0.2 0.2 1.1 1.1 0.9 0.9 O. 4.2 
0.7 0.6 0.9 1.2 0.9 1.4 1.5 1.2 4.7 
1.3 0.9 1.5 1.1 1.6 0.6 0.8 2.2 3.9 1.8 1.7 0.7 0.9 1.6 1.6 2.2 1.7 4.5 
d..2 JaIZ J.I~ J..3 1.1 1.Z ~.Z 1.1 l.g 
Mean 1.03 0.98 0.82 1.05 1.23 1.18 1.55 1.28 4.50 
Grand 
Mean 1.03 0.98 0.82 1.11 1.23 1.36 1.56 1.53 2.56 2.73 3.82 3.71 4.79 4.34 4.50 4.51 4.88 4.66 4.72 
4.22 
TABLE IB; Elution of Influenza Virus in Periodate-treated Mouse Lungs 
LEE (B) 
Reciprocal of the Molarity of Periodate 25600 
100 200 300 400 600 800 1200 1600 2400 3200 4800 6400 12800 51200 10~400 
S 
4.4 3.6 4.3 3.3 1.3 1.1t 0.5 -0.1 -0.2 -0.5 
4.6 3.9 3.0 1.2 1.4 0.8 -0.6 1.2 0.2 
-0.2 
-0.1 
0.3 
-O.lt 
Mean 4.50 3.75 4·30 3·H 1.25 1.40 0.65 -0.35 0.10 -O.H 
4.1 4.2 4.0 4.2 5.2 2.7 0.4 0.0 0.1 0.0 
5.0 4.1 3.9 4.0 3.3 0.9 0.4 0.1 0.0 -0.1 0.1 
0.0 
0.1 
0.0 
Mean 4.55 4.15' 3.95' 4.10 4.25' 1.80 0.40 0.05 0.05 -0.05 
4.8 4.3 4.4 3.0 ~.3 2.9 2.2 2.9 1.2 1.0 1.1 0.2 4.3 ~.o 5.1 3.4 .1 2.1 5.9 2.7 1.3 0.4 2.8 -0.1 3.3 .9 4.3 3.9 4.3 3.2 1.1 -0.6 2.0 1.0 2.3 0.0 
5.4 3.8 3·5 3.4 3.8 1.6 2.1 1.6 1.9 1.0 1.9 -0·1 
Mean 4~45' 4.50 4.33 3·43 3.87 2.45 2.83 1965 1.60 0.85 2.03 0.00 
4.8 4.9 4.5 ~o2 4.4 3.9 3.9 3.8 1.0 2.1t 1.6 0.1 4.0 ~.7 4.2 .1 3.3 3.8 3.9 ~o6 1.4 1.4 1.0 -o.~ 4.9 .It 4.9 4.6 3.1 It.o 3.1 .0 2.9 2.9 4.3 o. 
4.8 4.7 4.3 3.1 3·2 3.8 . 3·8 2,3 2.9 0.9 3·9 0.1 
Mean 4.63 4.93 4.48 4.25 3.50 3.88 3.68 3.43 2·10 1.90 1.20 0·10 
5.3 4.1 5.3 4.2 3.6 1.9 3.3 2.7 1.9 3.0 0,5 0.9 
5.3 4.6 ~.2 3.1 3.3 4.0 3.1 1.9 1.6 0.9 1.0· -0.1 5.2 4.9 .9 3.3 3.1 ~.9 3.7 2.2 3.1 -0.4 1.1 -0.3 59 9 5s1 4.7 3.5 4.8 ·3 1.1 3.2 1.0 0.3 -0 9 3 
Mean 5'. Ito 4.73 5.03 3.53 3·70 3.53 3·37 1·98 2.45' 1.03 0.73 0.~Q5_ 
-0.1 
-0.4 
-0.1 
0.1 
-0.1 
0.5 
Mean 
-0.02 
Grand 
Mean 4.53 4.61 4.72 4.50 3.73 3.68 3.28 3.14 2.35 1.93 1.29 1.12 -0.15 0.08 0.00 
4.22 
TABLE IA; Adsorption of Influenza Virus in Periodate-treated Mouse Lungs 
BON (B) 
Reciprocal of the Molarity of Periodate 12800 
25 37.5 50 75 100 150 200 300 400 600 800 1200 1600 2400 3200 4800 6400 9600 25600 s 
. 21200 
4.1 3.6 3.9 4.4 3.8 5.1 
4.1 4.2 ~.7 402 4.6 6.8 5.1 ~.o .0 4.1 3.6 4.9 322 .6 3.3 4.0 3.6 2. 2 
Mean 
4.23 3a 88 295'0 4030 4935' 3,73 
1.0 1.6 205 5.0 2.9 4.8 402 4.9 4.1 
2.5 2.5 2.6 2.2 3.8 402 3.9 4.0 402 3.9 
fr02 
4.4 
3.8 
Mean 
1.75' 2.05' 205'5' 3.60 3·35' 4.5'0 4.05' It.20 4.15' 
1.7 4.8 1.1 2.3 2.7 4.0 4.3 4.3 4.2 
1.5 1.3 1.1 4.7 2.5 4.0 2.8 2.8 4.3 2.8 
2.7 
4.3 
4.3 
4.3 
4.~ 
Mean 1.60 3.05 1.10 3.50 2.60 4.00 3.71 "4 :r 
• • .. • • • • .7 3.7 • .1 1.8 1.0 2.6 2.8 1.2 3.4 2.4 3.9 4.2 3.7 4.4 
2.1 1.8 1.8 2.6 1.6 3.8 3.9 3.1 3.6 4.2 4.2 
Mean 
192Z 1.8Z '.'Z ~.Z3 1.5'0 3.30 2.0Z 2.83 3.00 3.22 3.83 3.20 3.30 41~3 
Mean 
,.n 2.2Z ,.33 2.5'0 2.20 ,.OZ 2.1Z 2.87 2.63 3.5'0 2.5'3 3.5'3 3.0Z 4.20 3.13 
1.8 2.0 1.5 2.4 1.6 
2.1 1.9 1.5 2.1 1.6 
1.2 1.8 1.7 0.7 2.3 
1.1 2.4 106 1.6 1.6 
Mean 
1.0 1.7 1.1 1.3 1.5 
1.0 1.7 1.0 1.0 1.6 
0.8 1.8 0.6 1.1 2.0 
0.6 1.9 0.6 1.2 2.0 
1.55 1.75 1.58 1.70 1.78 0.85 1.78 0.83 1.15 1.78 
Grand 
Mean 
1.55 1.78 1.58 1.70 2.51 1.58 2.70 1.90 2.11 2.32 3.13 2.85 3.35 3.54 3.61 3.72 3.43 4.22 3.78 
3.7 
3.8 
3.8 
4.4 
4.4 
4.6 
3.8 
fr.l 
3.5 
2.8 
3.0 
4.5 
2.6 
2.8 
TABLE IB: Elution of Influenza Iirus in Periodate-treated Mouse Lungs 
BON eB) 
Reciprocal of the Molarity of Periodate 
12800 
25 37.5 50 75 100 150 200 300 400 600 BOO 1200 1600 2400 3200 4BoO 6400 9600 25600 S 
2J.;i:00 
4.3 4.2 ~.7 3.1 2.5 1.~ O.B 0.5 0.4 4.3 .2 1.4 2.2 1. -0.3 -0.5 0.5 
-0.5 
-1.3 0.4 
0.4 
0.7 
-°12 
Mean 
i.30 4.20 3·95 2.25 ;i:.35 1·35 0·;i:5 -0.06 0.45' 
4.5 4.9 5.1 3.5 3.5 2.5 0.5 1.2 
> 6.2 5.7 5.1 2.2 0.2 1.7 0.2 
-0.1 
0.2 
0.0 
Mean 
-Oa2 
5·35 5·30 5·10 4.30 ;i:.B5 1s35 1.10 0.17 
6.4 6.2 6.3 3.4 4.4 3.1 2.0 2.0 o.B -0.3 0.0 0.3 0.1 0.1 -0.1 
6.5 6.0 2.4 4.5 4.1 ·1.4 1.1 1.4 0.9 0.0 0.5 -0.2 0.0 -0.1 -0.2 
6.3 5.B 4.B 21 3 4.0 2.4 IIi 2 • .3 1.B 0.2 O.i -0.2 -0.1 0.4 -0.4 
Mean 
6.40 6.00 4.50 3.40 4.17 2.30 1.53 1.90 1.17.0.03 0.33 -0.03 0.00 0.13 -0.23 
1,..6 lr.~ 4.6 5.4 4.6 3.5 4.7 2.5 1.B 1.B 5.2 5. 4.7 5.2 4.6 3.7 4.6 1.B 3.6 1.5 5.0 5.4 5.4 5.2 5.0 3.B ~.B 3.0 3.6 0.7 5.0 5.4 5.4 4.6 3.7 .9 1.B 3.6 0.6 
Mean 
4.95 5.18 5.03 5.10 4.73 3.68 4.50 2.23 3.15 1.15 
Grand 
Mean 
0.5 
-0.2 
0.15 
-0.2 
0.0 
-0.1 
-0.10 
0.0 
0.0 
-0.3 
-0.3 
-0.3 
-0.2 
0.5 
0.1 
-0.06 
4.95 5.18 5.03 5.10 5.27 4.67 4.63 2.73 3.81 1.64 2.53 1.90 1.99 -0.03 0.91-0.03 0.39 0.13.(l.01 0 .. 41 
• 
1t.22 
TABLE IA; Adsorption of Influenza virus in Periodate-treated Mouse Lungs 
HUT (B) 
Reciprocal of the Molarity of Periodate 
l2800 
25 37.5 50 75 100 150 200 300 Itoo 600 800 1200 1600 21t00 3200 1t800 61t00 25600 S 51200 
-0.8 0.1 0.8 0.2 1.1 1.2 1.3 2.8 1.2 
1.2 0.2 0.3 1.0 0.3 1.6 1.2 2.1 2.1 
2.2 
1.6 
1.1t 
2.2 
201 
192 
Mean 09 20 0.1.5 09 55 0.60 0.70 1 9ltO 1.25 1.95 1465 
1.2 1.0 1.1 0.1 0.9 0.5 1.5 1..2 1.0 1.7 2.6 205 3.1 2.0 2.8 
0.7 0.9 1.6 0.5 1.1t 0.5 1.3 1.1 1.2 2.0 2.1 2.8 2.5 2.6 2.6 
1.1 1.1 1.0 0.1t 1.3 0.9 1..0 2.0 1.1t 2.6 1.9 1.9 2.2 3.0 2.1t 
2.9 
2.6 
2.9 
Mean 1.00 1.00 1.23 0.33 1.20 0.63 1.27 1.1t3 1.20 2.1.0 2.20 2.1t0 2.60 2.53 2.70 
2.2 1.8 2.0 1.6 1..1 1.~ 1.9 1.8 2.1 1.0 2.0 4.1 3.0 2.5 2.9 
1.1 1.9 1.1 1.~ 1.~ 0.6 1.1 3.8 2.lt- '2.6 lr.O 3.6 2.2 2.2 1..8 2.0 1..8 1. 1.. 1..8 2.0 1.6 3.2 3.1 2.5 3.0 
2.2 
3.3 
3 .. J 
Mean 1.70 1 L 90 1.63 1.1t3 1.27 1.30 1.67 2.1t0 2.25 1.00 2.60 3.73 3.30 2.1t0 2.5'9 
-0.1 0.5 0.1. 0.3 -0.1. 102 0.1 0.3 -0.3 0.0 0.0 
0.0 0.5 0.5 0.2 -0.1t 1..0 0.3 0.0 0.0 0.3 0.2 
-0.1 0.2 0.5 0.0 0.3 1.2 0.5 1.7 0.1 0.9 0.6 
-0.1 0.6 0·3 0.2 1.·3 1-5 0·3 0.5 0.1 0·3 0.2 
Mean-0.08 0.38 0.35 0.18 0.28 1.23 0.30 0.63~.03 0.380.25 
lrand 
Mean-0.08 0.38 0.95 0.9It O.BIt 1.02 0.71t 0.83 0.82 1.30 1.05 1.83 1.98 3.07 2.1t6 2.1t7 1..25 1.95 2.1t6 
Mean 
Mean 
Grand 
It.22 
TABLE IB; Elution of Influenza Virus in Periodate-treated Mouse Lungs 
25 37.5 50 75 
HUT (B) 
Rec1proca1of the Molarity of Per10date 
12800 
1200 1600 2ltoO 3200 lt800 6ltoo 25600 S 
51200 
100 150 200 300 ltoo 600 800 
2.3 
2.8 
2.3 
2.6 
1.00 
0.1 0.1 -O.lt 
0.3 0.3 0.2 
0.0 
-O.lt 
0.2 
0.1 
0.6 
-o.lt 
0.20 0.06 -0.10 
0.2 
-0.1 
-0.1 
-0.6 
0.2 
0.2 
-0.03 
-0.5 
0.3 
0.0 
0.0 
-0.05 
0.0 
0.0 
0.1 
0.0 
0.03 
Mean 5.60 5.60 5.77 5.9~ 5.23 5.60 5.15 5.1lt It.52 3.87 3.lt3 2.02 2.07 0.9lt 1.ltO 0.28 0.20 0.06 -0.03 
4.22 
TABLE !Ai Adsorption of Influenza Virus in Periodate-treated Mouse Lungs 
§l! 
Reciprocal of the Molarity of Periodate 
12800 
75 100 150 200 300 400 600 800 1200 1600 2400 3200 4800 6400 25600 S 
2l~00 
0.9 1.0 0.8 1.7 4.7 
1.0 0.7 0.0 2.6 4.6 4.6 
0.7 1.2 2.5 5.4 5.5 4.2 
l.O 0.3 3.l 2.3 3.0 61~ 
Mean 0.20 0180 ll60 3.23 4242 4.43 
-0.3 0.0 3.5 1.2 4.2 3.9 4.9 4.9 5.1 
0.3 0.2 2.2 4.7 5.2 3.9 4.7 5.0 
4.8 
5.1 
3.9 
4.2 
Mean 0.00 0.10 2.82 1.20 4.42 4.22 4.40 4.38 2.02 
1.4 1.9 4.4 2.4 4.0 4,3 4.3 4.9 4.5 
1.3 1.4 1.9 2.8 4.5 2.8 3.8 5.4 4.5 
5.3 
4.5 
~.4 3:~ 
3.3 
HeaD 1.35 J .65' 3.15' 2.6Q 4.25 3.25 It.05 4·34 4.5'0 
2.2 2.5 .• ~ 2.9 3.8 4.1 5.6 3.8 3.9 1.8 2.2 1.9 3.6 ~.1 5.1 5.1 4.9 0.2 212 412 I~ 2. 8 21 6 4.6 
Mean 1.40 2.40 22 40 3·27 3.80 2120 4.20 4.47 
2.5 2.4 3.0 ~.6 5.4 5·i 5.7 5.4 2.2 1.7 3.0 • 2 6.0 5 • 5.7 5.6 ~.4 2.l 3·? 3·2 4.6 5's3 5.7 2.6 
Mean 2.37 2.07 3.23 3.90 5.33 5.40 5.70 5.53 
Grand 
Mean 1.40 1.22 2.23 0.83 2.90 2.30 3.94 3.05 4.07 4.40 5.45 4.05 5.10 4.23 4.36 4.80 
4.22 
TABLE IB; Elution of Influenza Virus in Periodate-treated Mouse Lungs 
SW 
Reciprocal of the Molarity of Periodate 
12800 
75 100 150 200 300 400 600 800 1200 1600 2400 3200 4800 6400 25600 s 5:1200 
307 3.5 1.7 2.7 007 1.1 0.3 -001 -0.1 
2.8 3.7 2.1 2.5 2.1 0.7 007 0.5 
-0.1 
0.1 
-0.1 
-0.2 
Mean 3.25: 3.60 1.90 2.60 1.40 0090 0.5:0 0.02 -D. 10 
1.5 2.3 2.8 2.8 1.5 1.5 0.8 0.4 0.3 
1.3 3.4 2.4 2.3 0.8 0.5 0.5 0.0 
-0.5 
-0.5 
-0.2 
0.0 
-0.6 
0.1 
Mean l.40 2.30 3.10 2.60 1·20 1.ll 0.62 -0.08 0.12 
3.5 3.7 3.7 3.4 1.9 3.7 3.0 2.7 2.3 1.0 0.4 1.9 0.3 0.4 -0.1 
3.7 4.4 2.9 2.9 3.4 3.5 2.1 2.3 2.5 2.5 0.4 1.3 -0.3 0.9 -0.1 
3.5 4.3 3.3 4.0 2.0 3.1 2.3 2.3 0.4 2.4 1.0 0.5 0.1 0.4 -0.1 
0.0 
0.0 
01 4 
Mean 3. 57 4.13 3.30 3.43 2.43 3.43 2.47 2.43 1.73 1.97 0.60 1.23 0.03 0·27 0.02 
3.9 3.0 4.0 3.1 2.6 1.8 1.0 0.0 
3.4 3.2 4.0 3.4 3.0 1.3 0.9 -0.1 3.4 3'2 3·9 3·2 2.9 1·5 l·l 0.1 
Mean 312Z 31~3 3122 31~3 2.83 11~B llOO 0.00 
4.4 4.5 ~.7 . ~~8 2.7. 2.0 2.6 1.0 4.4 4.6 4:l 3.1 2.6 2.6 1.7 1.2 3!2 4.Z 31Z 3.4 2.0 l.Z 0.6 Mean 
4.23 4.60 4027 4.20 2.90 2.20 2.00 0.93 
Grand 
Mean 3.57 3.44 3.71 3.30 3.57 2.90 3.30 2.67 2.47 1.79 1.44 1.11 1.01 0.57 -0.04 0.21 
5.9 4.2 
4.6 
Mean 0.20 Q.ZQ l.~Q 3.~Q 4.~2 3.32: 4.424.Z2 4.Z2 4.22 
1.9 1.0 2.3 4.3 3.1 4.1 4.1 4.9 4.3 4.7 
1.3 1.6 1.8 3.0 4.3 4.7 4.0 5.1 4.9 5.9 4.3 
5.0 
4.4 
4.2 
Mean 1.60 1.30 2.05: 3.65: 3:20 4,40 4.02 2.00 4.60 21312 
1.8 1.0 l.2 3.2 2.7 3.6 3.9 4.3 It.9 4.4 3.3 4.2 
l.l 1.0 0.1 1.9 2.0 3.7 3.4 4.~ 4.0 ,.0 ,.0 3.9 1.3 0.3 1.~ 1.1 1.6 ~.O 4.9 4. 4.0 .9 .9 ~:t 0.9 2·3 2·3 1,8 .4 1.8 ,·3 3·,8",,,.J;br3,, 3""9",,,,, Q. 
Mean 1,28 ~ll2 0.82 ~!l3 2.03 316Z 3.20 4!2Z 4.1Z 4.6z 41~Z 4.;;:2 
2.0 1.9 2.2 2.7 1.8 4.1 2.9 i·7 4.0 4.7 3.8 4.9 2.4 2.2 2.l 2.1 3.l ~.1 2.3 .1 5.7 5.1 5.7 ,.0 2.3 2.7 2.~ 2.5 3.1 3:~ 3.9 4.8 3.9 4.2 4.5 .9 l.2 ~.1 ~. 3.4 ~.1 3.2 zl l 4.1 4.Z 3.2 3.Z 
Mean ~112 ~143 ~I~Z ~168 2123 3.Z3 3.1z 4.23 4.43 4.63 4.68 4.63 
1.1 l.2 1.3 3.5 3.3 2.6 4.0 4.5 4.5 ~.5 4.9 4.5 1.2 l.5 1.2 2.1 3.1 4.1 ~.3 4.9 5.0 .9 5.0 4.6 1.7 1.3 2.3 4.0 2.1 4.6 .0 4.9 5.0 3.3 4.3 4.1 
11~ l.2 1.2 ~12 3.1 4.2 4.2 212 21 0 2eg 2.1 4.0. 
Mean 1.30 1.30 1.Z0 ~.88 2.20 4.02 3.88.4.88 4.§8 4.~3 4.83 4.30 
0.5 0.8 0.5 0.7 1.1 0.9 1.2 0.7 4.5 0.2 0.2 0.2 1.1 l.l 0.9 0.9 0.8 4.2 0.7 0.6 0.9 l.2 0.9 l.4 1.5 l.2 4.7 l.3 0.9 1.5 l.l l.6 0.6 0.8 2.2 3.9 1.8 l.7 0.7 0.9 1.6 1.6 2.2 l.7 4.5 1.7 1.7 1.1 1·3 III 1.7 2.7 1.1 Z.;;: 
Mean 1.03 0.98 0.82 1.05 1.23 1.18 1.55 1.28 4.50 
Grand 
Mean 1.03 0.98 0.82 1.11 1.23 1.36 1.56 1.53 2.56 2.73 3.82 3.71 4.79 4.34 4.50 4.51 4.88 4.66 4.72 
All results are given as haemagglutinin 
titres in log2 units. Several experiments were per-
formed with some of the strains before the range of 
dilutions of KI04 could be completely covered, and 
the results from these experiments have been pooled. 
The original titre of virus was calculated 
from the control adsorption-elution lungs and the 
titration of the initial allantoic fluid. By sub-
tracting each value in turn from this titre, the 
amount of adsorbed virus was determined. These 
values have been averaged for each treatment and 
"moving averages" calculated. By plotting the 
. 
values obtained as "virus adsorbed after KI04 
. 
treatment" (from Sample A) and "virus irremoveable 
~ , 
after RDE treatment" (from Sample B), it has been 
possible to represent this phenomenon graphically. 
Figure I shows the curves obtained. Periodate treat-
ments are expressed in millimol (roM), 1.0 ml of a 
1.0 Molar solution being equivalent to 1 mM, and 
plotted on the abscissa. The ordinate values 
represent Ilreduction in ti tre ll or adsorbed virus 
and are expressed in log2 units. 
Each strain shows a characteristic set of 
curves but first the general features of the set 
4.23 
FIGURE I. 
Adsorption and Elution of Influenza Virus Strains 
from Periodate-treated Mouse Lungs 
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as a whole will be discussed. The curve of Sample 
A, indicates that at high concentrations of perio-
date IIreceptorsll are destroyed and virus is not 
, 
adsorbed, that is, reduction in titre is a minimum. 
As the concentration of KI04 drops receptors are 
IImodified" only and virus is adsorbed up to a maxi-
mum, when further dilution nullifies the periodate 
effect and some spontaneous elution occurs simultan-
eously with adsorption. Thus the adsorption curve 
rises in this area of the graph. The ability of 
RDE to remove the adsorbed virus (Sample B), is in-
dicative of the receptor state - thus at the highest 
concentrations of KI04 at which partial adsorption 
is occurring, RDE is unable to remove the virus. 
Further periodate dilution increases adsorption, 
and after a certain dilution this adsorbed virus can 
be removed by the action of RDE. When the periodate 
effect is negligible RDE will remove all the adsorbed 
virus, and the curve rises to a maximum. 
These graphs provide several criteria for 
expressing strain differences, perhaps the most con-
venient being 
(a) that concentration of periodate 
which allows the adsorption of a standard fraction 
of virus, say 75%, 
(b) that concentration of periodate 
which allows RDE to remove only 25% of virus from 
the cells, that is the 75% "modification" point, 
(c) the distance apart of the curves at 
this pOint, parallel to the abscissa, expressed in 
-
concentrations of I~ • 
These three sets of values are contained 
in Table II. Values calculated for (a) and (b) 
(~.2~) are expressed as the reciprocal of periodate 
concentration in millimol. (c) "Rn for range ex-
pressed as the difference in KIO~ concentration -
(n-fold). 
TABLE II 
Values for the Differentiation of Influenza virus 
Strains by Adsorpt~on and Elution from Periodate-
treatig MQu~e LYa~§. 
Strain Reciprocal of Periodate Concentration R (mM) 
(a) (b) (c) 
WSE 58 530 901 
PR8 ~ 715 7.5 
MEL 12 41+7 38.5 
BEL lE 600 10.2 CAM 53~ 8.6 
FMI 30 553 18.3 
LEE 116 573 ~9.3 
BON ~7 180 3.8 
HUT 227 295 lo~ 
sw 50 635 1205 
Table II (~.25) shows the variations among 
the ten strains, tested in periodate-treated mouse 
lungs. The fact that BON and HUT did not adsorb to 
mouse lungs limits the conclusions that can be drawn 
from these two strains. Receptors could not be com-
pletely destroyed for LEE', BON and HUT and .the con-
centrations used were not sufficient to reduce SW 
receptors to a constant level. For LEE and HUT 50% 
of receptors could be destroyed, and for BON only 30% 
were destroyed even with the most concentrated perio-
date, 0.02 mM. 
The effect of periodate on the adsorption 
of each virus was different and a gradient of resis-
tance to periodate modification could be established. 
Thus in decreasing order of resistance the strains 
were placed in this order, 
MEL <. FMI <. (BON),SW, WSE, BEL, CAM <PR8 < LEE «HUT). 
The range of periodate dilutions this covers is 19-fold 
when HUT is accounted for and 9.5-fold when HUT and BON 
are omitted. 
In the same way a gradation in the RDE-
irremoveable virus after this periodate treatment is 
in this order if decreasing resistance to RDE treat-
ment after modification with periodate, 
(BON) (HUT) < MEL < WSE, CAM, FMI, LEE <-BEL, SW< PR8. 
The range ot periodate dilutions covered 
by this series is 2.5-told when BON and HUT are in-
cluded, but only 1.6-told when these strains are dis-
regarded. 
The R values, representing the span ot di-
lutions of periodate over which modification is 
evident can also be arranged into a gradient, again 
in order of decreasing resistance to periodate treat-
ment. 
(HUT) < (BON) < PRS, CAM, WSE, BEL < SW <- FMI < MEL <. LEE. 
The range covered by this gradient is 38-fold including 
all ten strains and 6.5 told when BON and HUT are 
omitted. 
These three gradients are all dissimilar to 
that of incomplete virus production, in fact each 
ditters from the other, and thus no correlation can 
be made between these properties ot influenza virus 
and that of incomplete virus production. These 
results could be used however to throw some light on 
the mechanism ot virus-host cell adsorption. The second 
gradient - that of the elution of strains by RDE is of 
some interest. Disregarding the two strains, BON and 
HUT, which do not adsorb well to mouse lungs, it is 
not incorrect to say that the 75% modification point 
(b) is the same tor all strains. From this it would 
appear that irrespective of the strain ot influenza 
~.26 - ~.27 
this concentration 6~ KIO~ is sufficient to produce 
75% modification. Further development implies that 
each virus strain is held by the same number of 
receptors susceptible to RDE treatment, and this amount 
of RDE is capable of removing more than this number 
from cells treated with ~ KI~. 
~ . 
The ability of viruses to adsorb can separate 
the strains into 3 groups, WSE, MEL and BEL which ad-
sorb to more than 6.5 log2 units, PR8, CAM, FMI, LEE 
and SW which adsorb to 5 log2 units, and BON and HUT 
which cannot adsorb to more than ~ log2 units. 
The spontaneous elution which occurred in 
lungs treated with very dilute periodate was most 
evident with the BEL strain which eluted ~-fold with 
dilutions of periodate greater than ~. Then 
followed WSE, PR8, MEL and HUT which eluted 2-fold 
and LEE and BON after which no spontaneous elution 
was detected. 
Thus, the experiment gave a negative answer, 
as far as a correlation with the gradient of incomplete 
virus production is concerned. Yet, the technique is 
readily standardized and can be regarded as a useful 
adjunct to serological typing of strains. It should 
proove especially valuable in the effective separation 
If..27 
of serologically related strains which exhibit such 
cross-reactions both in the haemagglutin1n;:'inhibition 
and neutralization tests as to make differentiation 
well nigh impossible. As evident from Table II, the 
pairs PR8-l-1EL, CAM-FMI and BON-HUT are readily dis-
tinguished by criteria (a) and (c), i.e. by receptor 
destruction and modification in mouse lungs. 
~.3 - ~.33 
~.3 Gradient in the Allantoic Membrane 
~.3l No comprehensive experiments have been pub-
lished to date regarding the quantitative adsorption or 
influenza viruses to the allantoic membrane. Some work 
has been done in the past on single strains but the 
techniques were so variable that no general conclusions 
could be drawn. It is proposed thererore to study the 
variations of our ten commonly used strains of influenza 
in an attempt to find some correlation between this ad-
sorption and the gradient of incomplete virus production. 
~.32 The standard experiment was planned along 
lines similar to that performed in mouse lungs (~.2), 
but to date only the initial experiments have been com-
pleted. The de-embryonated egg technique of Bernkopf 
(19~9) offered the most convenient method and the tech-
nical details are given in lO.~l. The excised mouse lung 
was capable of absorb~ng much larger amounts of virus 
than was the allantoic membrane of the developing chick 
embryo and the first experiments were thus performed to 
determine the optimal concentration or virus to be used. 
~.33 Preliminary experiment I. 
Two-fold dilutions of allantoic fluid infected 
with each strain were made in saline (9.11). 1.0 m1 of 
~.33 
these dilutions was added to groups of 5 de-embryonated 
eggs containing 3.0 ml of saline. The eggs were then 
placed in a mechanical shaker at 370 0 and rotated at 6 
revolutions per minute for I hour. Samples of fluid were 
then removed from each egg and titrated individually for 
haemagglutinin content. From this titre and that of the 
* 
original flUid, the amount of virus adsorbed was cal-
culated. An eight-fold decrease in haemagglutinin titre 
was selected as a convenient degree of adsorption. The 
titre of virus necessary to give this 87% adsorption was 
calculated for each strain, and aimed at in all further 
experiments. Table III shows these results for each 
strain. The titres are expressed as log2 units of haema-
gglutinin per 0.25 m1 allantoic fluid. 
Table III 
Optimal Haemagglutinin Titres for Adsorption in 
De-embryonated Eggs 
Strain Titre Strain Titre 
WSE 7.7 F~ ~.8 
~8 5.7 LEE 7.3 
~L 6.~ BON 5.7 
BEL 6.8 mn 7.5 
O~ 3·7 SW 6.0 
4.34 Preliminary experiment II. 
The effect of RDE treatment of the allantoic 
membrane in preventing this adsorption was then deter-
mined. Five-fold dilutions were made in calcium saline 
of a preparation of RDE containing 2,000 units per ml. 
2.5 ml of these dilutions were added to groups of 5 de-
embryonated eggs, and rotated as in 4.32 at 37°C for l~ 
hours. 0.5 ml of 8% citrate saline (9.13) was then 
added to each egg and again rotated for 2 minutes, after 
which 1.0 ml of virus of optimal titre (4.32) was added 
to each egg. After further rotation for 1 hour at 37°C, 
samples of fluid were taken from each egg and tested for 
haemagglutinin content either on the same day or after 
storage overnight at 4°c. From this experiment the range 
of RDE which prevented the adsorption of the virus was 
found and the next experiments were to be performed using 
a narrower range of RDE dilutions. The actual results 
showed that a standard range of RDE concentrations could 
be used for all strains and thus details are not reported 
here as they are covered by the standard experiment. 
4.35 Standard experiment. 
This was an exact replicate of the experiment 
in 4.34 using 2-fold dilutions of RDE instead of 5-fold 
steps. 
4.37 
4.35 - 4.37 
The same preparation of RDE was used through-
out the experiments and in the most concentrated treat-
ment it was used undiluted. The concentration of RDE 
is expressed as the reciprocal of its dilution. By the 
very nature of this technique this set of experiments 
was performed over a period of about 3 months and at the 
end it was found that the RDE had decreased in titre 2-
fold. To allow for this gradual decline in the concen-
tration of the RDE a figure was worked out over the whole 
set with which adjustments were made according to the 
time of performance of the experiment. 
Table IV shows for each strain the haemagglu-
tinin, expressed in log2 units per 0.25 ml, absorbed after 
various treatments with RDE. The titre of the RDE prepa-
ration (R units), its correction factor expressed as 2-
fold dilutions of RDE (c), and the haemagglutinin titre 
of the virus expressed in log2 units per 0.25 ml (To), are 
given for each experiment. As is shown in the Table 
the amount of virus adsorbed by the eggs pretreated with 
saline (controls) did vary considerably with the titre of 
the origlm'.l inoculum. 
Figure II thus shows these results expressed 
as a percentage of the virus adsorbed by the control eggs, 
and plotted against the reciprocal of the various 
It.36 
TABLE IV 
Adsorption of Influenza Virus by the RDE-treated Allantoic Membrane of de-embrYonated 
Wi 
WSE (4) 
R~S~PEgSi~ g~ the D~~ut~gn o~ RDE 
1 2 It 8 16 32 6lt 128 25'6 5'12 SALINE 
-0.7 O'l -0.1 1.2 0.9 1.7 1.2 2.2 2.9 .,. 6.lt :> 6.lt It.9 B -::2000 
-0.1 O. -0.1 1.2 0.9 2.2 3.~ It.7 "> 6.ft. ~.7 It.3 5.2 C:::: 0.0 -0.6 1.2 -0.1 O.lt 1.3 1.6 2. 2.2 2.7 .2 It'i "o.lt To -= 6.9 -0.1 -0.1 -0.2 O.lt 1.8 0.9 2.6 3.2 6.2 It.2 It. 2'4 1.0 -O.lt -0., 1.2 1.lt 0.9 2.7 2.9 2.7 ~.'Z ~:4 >6. 0.3 -0.1 -0.1 1.9 1'2 2·7 3.9 1.2 It.2 .0 3.2 
Mean 0.0 O.lt -0.2 1.1 1.3 2.2 3.2 3.3 It.2 It.8 It.9 
B ::::1028 0.0 0.2 1.1 0.7 0.7 2 .• 1 6.0 6.0 6.0 >6.2 >6.2 >6.2 
C =0.96 0.2 0.3 0.0 1., 1.3 2.2 >6.2 >6.2 ,., )6.2 6.0 >6.2 
To =6.7 0.0 -0.3 1.0 0.0 It., 9.~ :>2:~ ~:~ 5.7 i·2 i·7 >6.2 
-0.2 0.1 0.1 1.2 2.7 ,.2 >0.2 .0 » .2 >6.2 
0.0 -0.3 0.7 0.7 It.o ,.8 2.2 >6.2 ,., ,.3 >6.2 >6.2 
-0.3 0.2 0.1 1., ,.3 '.It 6.2 6.0 )6.2 6.2 >6.2 >6.2 
Mean 0.0 0.0 0.2 0.9 3.1 It., ,., ,., ,.9 ,., 6.0 
R =-1028 -0.1 l •. ~ 1.6 6.0 3." ;;. 6.6 It., >6.6 >6.6 .>6.6 >6.6 >6.6 
c'" 0.96 -0.2 1.1t 1.6 1.~ It.6 6.1t 6.6 >6.6 >6.6 >6.6 >6.6 >6.6 To '" 7.1 0.1 0.7 1.0 1. 2.lt 6.lt '>6.6 >6.6 >6.6 >6.6 >6.6 >6.6 
-0.1 0., 1.6 2.1 2.lt ~.9 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 0.1 0.1 1.1 2.lt It., .0 >6.6 >6.6 >6.6 >6.6 >6.6 >6.6 0.1 0.6 1.7 3.5 It.2 It.lt >6.6 >6.6 >6.6 :>6.6 ,>6.6 >6.6 
It. 36 
TABLE IV 
Adsorption of Influenza Virus by the ROE-treated Allantoic 
Membrane of De-embrYonated Eggs 
PR8 (A) 
Reciprocal of the Dilution of RPE 
1 2 It 8 16 32 61t 128 256 512 SALINE 
R", 1028 
-0.1 0.1 -0.1 0.0 0.0 0.8 o.~ 0.9 OS 1.7 2.1 1.6 c~· 0.0 0.1 0.1t 0.1 0.6 0.1 1.2 O. 0.8 1.6 1.5 2.9 1.2 
To ~ 7.1 -0.2 0.1 0.1 0.1 0.1t 0.5 1.8 0.9 1.6 0.6 3.1 1.8 
0.1 0.0 -0.2 0.1 0.3 0.6 0.9 0.1t 0.6 1.1 0.8 1.7 
-0.6 0.0 0.0 0.1 0.5 0.9 o.~ 1.1 1.9 1.9 1.1 2.0 
-0.1 0.0 0.1 0.2 1.6 1.1 O. 0.9 1.0 1.6 Ot8 1.8 
Mean -0.1 0.1 0.0 0.2 0.5 0.9 0.8 0.8 1.0 1.1t 1.7 
-0.1t 0.3 0.1t 1.0 0.9 1.9 1.7 3.7 ~.7 ~.2 >1t.5 1t.5 R~: 1028 
-0.2 1.0 0.6 1.7 1.4- 2.0 2.2 3.0 .5 .5 1t.5 :>1t.5 C ~ 0.0 
-0.1 0.3 0.7 1.6 1.8 0.7 1.1t 1.8 3.7 1t.3 It.o 1t.3 
To :.\, 5.0 0.0 0.3 1.1 1.5 1.7 1.0 3.0 2.0 3.0 1t.3 3.8 . 1t.3 
0.6 1.3 0.5 1.3 1.6 1.1t 2.7 3.6 3.7 It. 5 3.7 1t.1 
0.2 0.5 1.0 1'5 1.1t lS 2.9 2.0 It. 5 1t.5 1t.5 ItS 
Mean 0.0 0.6 0.7 1.1t 1.5 1.1t 2.3 2.7 3.8 1t.2 1t.3 
-o~l -0~2 0.3 0.9 0.8 2.3 3.0 2.2 3.3 3'g 2.2 1t.6 R ·,,1028 0.3 0.2 -0.1 1;6 0.3 1.9 2.0 2.1 2.7 3. a'O 5.8 C "" 0.0 0.2 0.8 -0.2 0.3 2.3 2.2 2.1t 1.7 1.7 2'4 .It ~.It To~: 7.3 -0.8 -0.2 0.0 1.1 1.lb 1.7 2.3 2.2 3.1 3. It.l .3 
-0.8 0.8 (>'3 J..2 1.2 2.3 1.9 2.8 2.1t 2.9 2.3 It. 3 
0.2 0.0 0.7 1.1 2.1 J..8 3.1 2.0 2.6 2.3 1t.3 
Mean -0.2 0.3 0.1 1.0 J..1 2.1 2.2 2S 2.5 3.1 It. 0 
1t.36 
TABLE IV 
MEL (A) 
Rig;l.l2Ig~!l.J. gf ~bi DilY~;l.on of R~E 
1 2 It 8 16 32 61t 1.28 256 512 SALJ;NE 
R O~ 1'+32 
-0.8 0.2 -0.3 0.7 1.5 0.6 1t.2 5.1 1.5 >5.7 '>5.7 5.6 
c '" 0.0 -0.1 0.2 0.2 1.6 -0.3 0.6 2.3 5.5 3.5 >5.7 >5.7 >5.7 
To "" 6.2 0.7 -0.2 0.5 0.2 1.2 0.6 2.7 >~.7 >5.7 >5.7 ~'5.7 >5.7 0.0 0.2 0.7 0.8 0.1 0.5 1.1 .ft. >5.7 >5.7 >5.7 >5.7 
-0.2 -0.7 0.2 0.5 0.3 1.3 ~.~ 3.7 >5.7 >5.7 ;;"5.7 >5.7 0 0 o 8 6 > > 
Mean 0.0 0.2 O. 2.2 .7 
0.1 0.5 1.0 :l.0 2.0 3.8 0.8 5.8 5.9 1t.6 5.9 >6.0 
R',1l61t 0.0 0.5 0.2 1.1 1.0 1.2 1.0 5.6 ~.8 >6.0 ~.6 5.9 
c= 0.30 0.8 -1.5 -0.1 0.1t 1.8 5.6 0.8 5.8 .5 It.o .6 >6.0 
To ",,6.5 0.2 
-0.5 -1.0 2.2 0.5 2.0 1.6 2.2 1t.0 1t.9 1t.8 5.6 
0.5 -0.5 0.8 1.5 0.1 2.0 0.8 2.8 It. 5 5.9 5.6 >E>.O 
-0.1 -0.3 -0.2 OS 0.2 1.0 3.2 2.8 5.0 >6.0 5.6 5.9 
Mean 0.3 -0.3 0.1 1.1 1.1 2.6 1.1t 1t.2 5.0 5.2 5.6 
-0.2 -0.1 1.0 0.6 O.~ 1.6 3.6 1.0 >1t.5 >1t.5 2.8 >1t.5 R "1011t -0.5 -0.1 0.3 0.3 1. 2.1 3.7 3.3 >1t.5 :>1t.5 >1t.5 >1t.5 C,0.50 
-0.1 0.1t 0.1 0.3 0.1 1.0 3.3 3.0 ~.5 > 1t.5 >1t.5 1t.1 To" 5.0 -0.1 0.3 1.~ 0.3 0.1 3.2 1.3 1.3 > .5 :> It. 5 >1t.5 3.0 
-0.3 0.3 o. 2.0 1.6 0.6 2.1 1.5 > 1t.5 >1t.5 It.l >1t.5 
0.1t 0.1t 0.3 1.1t 0.9 1t.3 :> It. 5 1t.3 >1t.5 >1t.5 >1t.5 >1t.5 
Mean -0.1 0.2 0.6 0.8 0.8 2.1 3.1 2.1t 1t.3 It. 5 1t.2 
TABLE IV. 
BEL <Al 
Reciprocal of the Dilution of RDE 
1 2 4 8 16 32 64 128 256 , 512 SALINE 
0·4 -0.1 1·7 1.0 2.7 2.7 1·5 4·4 2·9 5·7 5·1 5·4 
R::; 1854 0.7 0·4 1.7 5.1 2·4 0·4 2.7 2.1 5·3 5·7 >5·9 5.8 
C "" 0.0 0.7 -0·3 2·4 2·9 3.4 1·4 4·9 >5·9 4.2 5.2 >5·9 5.2 
To;:, 6.4 0·3 0.8 3.2 4·9 1.8 4·7 4·8 4·3 5·1 4·9 5·0 4·9 
1·9 0.0 5·3 1.7 2·4 3·7 4·7 4·5 5·4 5.8 3·1 4.8 0.0 0.1 0·9 2·4 3.8 2·5 4·4 5·4 5.8 4·2 5.3 
Mean 0.7 0.2 2·9 2.8 2.5 2.8 3·5 4.3 4·7 5.5 5·1 
TABLE IV 
CAM (AI) 
Reciprocal of the Dilution of RDE 
1 2 It 8 16 32 6'+ 128 25'6 5'12 SALINE 
0.1 1.0 1.3 1.0 1.5 0.7 0.5 1.0 1.7 1.9 2.1 2.6 
R"" 1'+32 -0.5 1.0 0.0 -0.9 1.3 1.1f. 1.0 1.7 1.1f. 2.0 2.7 2.2 
C " 0.0 0.7 0.9 0.6 0.7 1.1 1.1 1.1 1.1f. 1.~ l·a 3.5 2.3 To =",.0 -0.2 0.7 0.7 1.3 1.1 1.1 1.6 1.'+ 1. 1. 2.0 '+.5 
0.'+ 0.8 1.2 1.3 1.'+ 2.0 1.0 2.'+ '+.1 3.3 3.3 
0.2 1.3 2.0 1.6 2.0 1.7 1.'+ 2.3 2.1 2.3 
Mean 0.1 1.0 0.7 0.7 1.'+ 1.2 1.'+ 1.'+ 1.6 2.2 2.7 
4.36 
T4B:y!i IV 
FMI (AI) 
!!.i~;l.m:O!UaJ. 21' tb~ ~;l.lyt;l.on 01' RDE 
1 2 4 8 :1.6 32 64 128 256 512 SALINE 
-0.3 -0.3 0.0 -00 2 0.0 0.7 0.0 0.3 1.5 1.0 2.2 1.8 
R "" 1432 0.1 -0.2 1.1 0.8 0.0 0.0 0.6 0.1 0.8 1.4 0.7 2.2 
C', 0.0 0.0 0.0 0.0 0.1 -0.1 0.4 0.0 1.5 1.0 0.8 1.1 1.8 
To ""-,5.7 0.1 -0.2 0.0 0.2 1.0 0.8 1.1 0.8 1.0 1.0 1.0 2.1 
0.0 -0.2 -0.3 0.0 0.1 -0.3 -1.0 -0.2 0.8 0.7 0.8 1.7 
0.0 0.2 -0·3 0.1 0.0 0,3 0.6 2.7 0.7 0.7 1.7 1.2 
Mean 0.0 -0.1 0.1 0.2 0.2 0.3 0.2 1.0 1.0 0.9 1.5 
-0.2 0.0 1.0 0.0 0.5 -0.3 0.7 0.6 0.1 1.0 2.0 
R 1205 0.0 -0.3 0.0 0.4 1.2 -0.6 0.0 2.6 2.0 2.5 2.3 
C 0.25 D.1 -0.5 -0.1 0.6 0.7 -0.9 -0.7 1.0 1.7 3.1 3.1 
To 4.0 
-0.3 0.0 -0.1 -0.3 -0.8 0.8 0.0 3.3 2.5 3.0 2.0 
0.0 1.6 0.1 1.0 0.0 -0.2 0.5 1.0 0.1 0.8 3.1 
0.1 1·3 1.2 -0·3 -0.9 1.0 2.4 2·3 3·1 3,1 
Mean -0.1 0.1 0.3 0.5 0.2 -0.3 0.3 1.8 1.5 2.lt 
0.5 0.5 0.7 1.3 2.5 1.3 1.0 2.0 2.5 
R", 824 0.5 0.5 1.0 0.7 1.5 2.0 2.0 1.7 2.0 
c " 0.80 0.0 O.~ 0.8 o.~ 2.0 1.0 0.0 1.8 2.0 To" 4.0 0.7 o. 0.7 o. 1.0 1.7 1.9 2.7 2.2 
0.3 0.7 0.5 1.0 2.7 1.4 1.7 2.1 2.7 
0.5 0.8 °e? 2.0 0.8 1.7 2.0 1.8 1.9 
Mean 0.4 0.6 0.7 1.1 1.8 1.5 1.1f 2.1 
4-.36 
TABLE IV 
T,EE (B) 
Re!;l;LIlro!;l!!.l S2f t~ D;i,lut;i,on S2i RDE 
1 2 4- 8 16 32 64- 128 2'}6 5'72 SALINE 
-0.6 0.4- 0.5 0.4- 1.4- 1.5 1.5 0.9 0.9 2.4- 3.9 5.8 
R ~ 2000 0.0 -0.6 1.2 0.4- 1.3 2.2 2.2 1.lt 2.9 6.9 3.lt 5.9 
C '" 0.0 -0.7 -0.1 1.4- 0.5 1.9 1.0 '> 6.9 3.4- 4-.2 6.1 5.1 ~.1 
To '" 7.4- 0.4- 0.2 2.0 1.0 1.2 1.7 2.2 1.9 3.7 >6.9 6.5 .3 
-0.6 0.1 1.5 0.6 1.0 1.9 1.~ 5.9 3.lt 6.2 6.7 1.0 OS 1.0 1.0 0.5 2.Z 1. 6.4- >6.9 
Mean -0.1 0.1 1.3 0.7 1.2 1.8 2.6 2.7 3.0 5.6 5.5 
0.7 0.7 0.0 3.3 1.0 -1.8 0.4- 2.8 1.1 >5.2 4.0 >5.2 
R '" 1738 -0.5 -0.3 1.0 -0.2 1.0 2.0 0.7 3.2 3.3 >5.2 4-.3 2.6 
C '" 0.20 0.7 -0.2 0.0 -0.6 1.2 -1.4- 3.8 2.6 2.8 2.2 4.2 3.7 
To "' 5.7 -0.7 0.0 -0.2 -0.2 3.0 0.1 1.4- 3.1 1.2 2.8 2.1 3.5 
-1.3 1.0 0.3 0.7 1.0 1.1 3.4- 4-.8 2.5 4-.1 >5.2 3.9 
-1·3 0.0 1.8 2.8 2.3 3·1 4-.1 '>2.0 2.8 
Mean 
-0.5 0.2 0.5 0.6 1.4- 0.0 2.1 3.1 2.3 3.9 3.9 
-0.4- 0.1 0.1 1.0 1.5 0.1 3.1 1.9 4-.6 4-.2 5.4- 2.1 
R "1028 -o.~ 0.1 1.5 1.1 1.6 3.1 2.6 1.1 4-.9 5.1 >5.1 4-.4-
c" 0.96 -0. 0.5 3.1 1.9 3.1 2.0 3.0 5.0 2.9 5.4- 2.6 4-.1 
To" 5.6 -0.4- 0.1 0.5 1.9 2.9 1.9 3.2 ~.o ~.9 >~.1 >5.1 0.0 0.3 1.1 1.6 1.6 2.0 1.0 .1 .3 .4- >5.1 0.6 1.5 0.5 1.9 1.6 4-.5 4-.9 >2.1 >2.1 
Mean 
-0.3 0.2 1.2 1.5 1.8 1.8 2.4- 2.7 4-.0 4-.6 4-.5 
4-.36 
TABLE IV 
BON (B) 
Reciprocal of the Dilution of RDE 
1 2 4- 8 16 32 64- 128 256 5'12 SALINE 
-0.8 -0.6 -0.4- 0., 1.7 2.8 4-.9 ,.1 4-.0 3.5 3.7 6.1 
R~' 2000 -0.6 0.3 0.2 2.3 2.3 3.0 ~.8 2.2 >6.2 3.7 ,.2 >6.2 C "'. 0.0 -0.4- 0.3 o 6 2.6 1.7 2.5 .0 1.2 5.8 5.0 .3 4-.5 .. 
To =6.7 -0.4- 4-.7 -0.3 2.4- ,.2 2.0 4-.2 4-'i 2.7 ,.1 5.1 
-0.7 -0.3 0.5 2.2 1.8 4-.2 4-.7 3. 4-.1 5.3 4-.3 
-0'2 0.6 3.2 2.7 2.7 6.0 5'.4- 4-.3 5.4- 5'.3 
Mean -0.6 0.9 0.2 1.8 2.3 3.1 3.6 3.9 4-.9 3.9 ,.0 
0.8 1.5 1" 3., 0.6 0.6 0.8 3.2 1.2 2., 1.5 ,.9 R" 1622 -0.4- 0.9 0.9 1.6 1.8 2.5 0.6 3.5 I., 3.5 2.5 >6.1 
C "0.3 -0.2 0.9 1.6 1.3 0.8 O'i 0.8 2.0 ,.6 2.6 >6.0 1.0 To" 6., 0.7 -0.1 0.5 0.9 1., o. 0.8 1.0 .5 1.8 5.6 2.3 
0.5 0.9 0.8 2.5 1.6 0.8 1.8 2.3 0.8 0.8 2.0 3.3 
0.5' 0.9 1.8 1·3 0.8 3·3 2.1 3·2 2.6 4-.8 2.8 
Mean 0.3 0.7 1.0 1.9 1.3 0.9 1.4- 2.4- 2.8 2., 3.7 
1t.36 
TABLE TV 
HUT (B) 
Reciprocal of the Dilution of RDE 
1 2 It 8 16 32 6;' 128 256 '212 SALINE 
0.0 0.1 0.1 0.9 2.6 3.2 3.9 3.8 >5.0 ,. 5.0 >5.0 >5.0 
R ::: 1851+ 0.0 0.0 
-0.9 0.9 2.6 3.0 3.9 >5.0 ~.9 1t.8 >5.0 >5.0 c",o.o 0.0 0.1 
-0.7 0.6 >1t.9 1.0 1.6 >5.0 .0 1t.1 >5.0 >5.0 
To", 5.5 -0.2 0.2 0.1 1.2 1.9 3.6 3.6 ~.It ~.9 5.0 >~.o >5.0 0.0 -0.2 -0.3 1.0 1.5 3.1 2.1 .6 .6 3.0 .8 >5.0 
0.1 -0.2 0.5 0.8 2.5 3.2 3.1 1t.5 1t.1 It. 8 1t.8 >5.0 
Mean 0.0 0.0 -0.2 0.9 2.7 2.8 3.1 1t.1t 1t.3 It. 5 5.0 
1.3 1.5 2.3 0.7 4.2 2.8 3.0 4.7 4.8 '> 6.7 4.3 6.7 
R"llt72 1.1 1.9 1.9 1.9 1t.7 1t.7 2.8 ItS 3.5 >6.7 1t.9 1t.8 
C "' 0.20 1.0 IS 2.3 2.1 2.6 3.3 2.5 ItS 3.8 >6.7 6.5 6.6 
To 7.2 0.8 1.6 2.1 5.5 ~.7 2.6 3.1 2.8 ~.9 ~, 6.7 5.0 1t.3 1.1 2.5 1.8 ~.l .7 3.5 2.0 6.7 >- .7 1t.7 >6.7 6.5 1tl 2.5 2.9 .2 2.8 5·3 1t.2 3.8 >6.7 ,6.7 5.0 6.'\ 
Mean 1.2 1.8 2.1 2.9 1t.1 3.7 2.9 1t.1t 1t.9 6.1t 5.6 
0. 1.0 1.2 1.2 0. 2.2 • 2 2.9 .2 3.7 3. 2 • 
R ,,1197 0.2 1.2 0.5 2.8 0.9 1.6 3.1t 3.6 .1 It. It 2.5 2.3 
C " 0.50 0.1t 0.9 10.9 0.1t 3.2 2.1 3.~ 1.1t 2.1t It.~ 3.3 6.1t To,,7.1t 0.6 0.7 1.7 1.1t 2.2 3.2 2. 1.2 a:~ 2. ~.9 1t.9 0.3 1.9 1.4 2.2 2.1t 1.1t 2.1t 0.8 2.2 .4 ~.7 1.2 1.6 1.0 0.8 2.1t 2.0 2.5 2·3 6.1 1t.2 2.2 .3 
Mean 0.5 1.2 1.1 1.5 1.9 1.9 3.0 2.0 1t.3 3.6 It.o 
1f..36 
TABLE IV 
SW 
Reciprocal of the Dilution of RDE 
1 2 If. 8 16 32 61f. 128 256 ill SALINE 
0.6 1.3 0.3 1.1 5. If. 2.1f. 2.3 1f..8 1f..8 ~.If. 5.6 5.7 R::::llf.32 -0. If. 0.1f. 1.1 2.~ 3.6 1f..7 3.3 5.7 3.6 .6 5.~ '>5.8 C'" 0.0 0.6 1.1 -0.2 3. 2.~ 1f..5 3.8 5. If. 1.7 3.1f. 5. 5.6 To ",.6.3 
-0.1f. 0.1f. 1.0 2.1f. 1. 5.5 ~.If. 5.7 2.9 3.6 ~.6 ""5.8 
-0.1f. 0.1f. 1.~ 0.3 2.5 5.5 5. If. ~.6 >~.8 .2 3.~ 
-.Q.J. J.11f. 23 0.5 1f..J. 2.9 If.: ~ 53 7 .9 .9 » 5'.8 23 
Mean 0.0 0.8 1.0 1.7 3.3 1f..3 If..o 5.5 3.6 1f..2 1f..9 
-0.1 3.~ 3.7 .9 • 2.7 :>- .7 2.7 .1 :> .7 R,,12lf.7 0.9 O. 0.8 1f..5 .2 5.8 5.1 1f..7 i·6 5.1 c ",0.20 0.7 0.1 2.5 1.3 2.8 3.1 1f..2 If..l .6 i· 8 To", 7.2 1.8 3.1 1f..2 1f..2 1f..5 5.8 3.6 If..o 6.3 .3 
1.3 0.3 1f..2 2.3 3.9 If..o 6.1 5.5 6.2 5.8 
1·3 2.6 2.6 2.8 5'.8 5'·3 >6.7 >6.7 5'.6 
Mean 1.0 1.7 3.0 3.9 3.6 If..o 1f..5 5.3 1f..6 5.6 
-0. 0.0 1.3 • 2.3 2.9 2. • 2.0 .2 R 8.53 0.1f. 0.2 2.2 1.9 3.0 3.8 2.2 3.1f. 2.3 .9 3.5 
c '" 0.75 0.3 0.5 0.1f. 2.1f. 1.8 2.1f. 3.0 2.1f. 1f..3 ,.6 If..~ To,,6.9 
-0.2 1.~ 1.9 1.~ 2.5 2.8 5.1 2.2 If..~ .If. 0.3 1. 3.2 1. 1.9 2.9 
:> ~:~ i·3 3. 2.8 ~:9 1.9 1.6 J..9 3·2 3·9 .Q 5.6 1f..1f. 5.6 
Mean 0.0 1.0 1.7 2.6 2.5 
. -
3.2 3.8 3.8 3.6 3.9 1f..1f. 
dilutions of RDE used ~or pre-treatment of the eggs. 
The results of each experiment are plotted and the sym-
bols used, a black dot, a circle, and a circle surround-
ing a small black dot represent the experiments in 
chronological order as they appear in Table IV. The 
correction for the different initial concentrations of 
the RDE preparation used was made in all experiments. 
From these values the slope of the curve representing 
increasing adsorption following decrease in RDE treatment 
was calculated and is shown for each of the ten strains 
in Table V. 
Table V. 
Strain Slope of percentage curve 
WSE 1.87 
PRS 1.01 
MEL 1.72 
BEL 1.10 (one experiment only) 
CAM 0.62 
(one experiment only) 
FMI 0.79 
LEE 1.00 
BON 0.93 
HOT 0.96 
SW 1.31 
4·37 
FIG!lR' II • 
Adsorption of Igf'luenza VirUs 9v the Al1,"tns of De-
embryonat!!d Eggs after RDE Treatment. 
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The slopes of the adsorption curves in Table V 
can be used to form a gradient among these ten strains 
of influenza, .arrangement being made in order of the 
susceptibility of their receptors to destruction by RDE. 
WSE, MEL SW (BEL), PR8, LEE, HUT, BON FMI (CAM). 
To date only one experiment has been performed 
using BEL and CAM and thus less reliance can be placed on 
these figures than on the other eight strains on which 
two or three experiments have been completed. This method 
of expressing the variation among strains was chosen 
because the dilution factor of the RDE was not based on 
chemical definition. The use of potassium periodate to 
modify receptors before the action of RDE in future ex-
periments, will provide an accurate measure whereby a 
certain adsorption can be expressed in terms of a defined 
concentration of this substance in the same way as for 
mouse lungs (4.2). When these experiments on the modify-
ing effect of periodate in the de-embryonated egg have 
been completed, these two sites of influenza virus multi-
plication can be compared directly and accurately. 
Gradients of behaviour exhibited by influenza 
viruses in the mouse lung and the allantois as revealed 
in this chapter did not coincide with the two gradients 
of incomplete virus production observed earlier. This 
~.39 
part of the study thus did not bring us nearer to the 
understanding of incomplete virus production as hoped 
at its beginning. The experiments, however, have been 
done in such detail that the results should be useful in 
the definitive description and characterization of these 
strains, notably difficult to separate by serological 
methods. Indeed, if evaluated in this light, they suggest 
a new and sensitive system of classification for influenza 
strains. The inherent inaccuracies of anyone test can 
be balanced by parallel use of other tests, and hence the 
position of anyone strain in the several gradients offers 
a reliable, even if not simple, method for distinguishing 
even closely related influenza viruses from each other. 
5. 
5.1 
5.11 
5. - 5.11 
THE ARTIFICIAL PRODUCTION OF INCOMPLETE VIRUS 
Introduction. 
In parallel with the work of the previous 
chapter, that is, investigation of gradients and reaching 
conclusions by correlation of known with unknown phenomena, 
a second approach towards the same goal was undertaken. 
This consisted in the construction of a new working hypo-
thesis consistent both with earlier knowledge and the 
recently gained information about gradients of incomplete 
virus production. Since this phase of the work started 
with speculation, the experimental part consists of tests 
at crucial pOints, as demanded by theoretical considerations. 
Accordingly, in this chapter a hypothesis will be elabor-
ated first, and it will be shown that it covers known data, 
and further, that some of its main implications can be 
verified experimentally. 
5.21 
5.22 
5.2 - 5.22 
Theoretical Considerations and Formulation of 
a Hypothesis 
The main facts to be considered in connection 
with incomplete influenza viruses are (a) that non-infective 
virus is produced only in the first cycle of multiplication 
(Fazekas de St. Groth and Cairns, 1952); (b) that different 
strains yield different proportions of incomplete off-
spring (von Magnus, 1953; Fazekas de St. Groth and Graham, 
1953, 1954a, 1955); (c) that those strains which form 
incomplete virus will do so only after concentrated inocula 
(von Magnus, 1947, 1951, 1952, 1953; Bernkopf, 1950; 
Cairns and Edney, 1952; Fazekas de st. Groth and Graham, 
1953, 1954a, 1955); and (d) that the proportion of in-
complete virus produced depends both on the strain of virus 
and on the tissue in which multiplication takes place (von 
Magnus, 1952, 1953; Fazekas de st. Groth and Graham, 1954a, 
1955). There are also some negative pOints, such as the 
independence of the phenomenon of the type, antigenic 
relationships and the host range of these viruses (Fazekas 
de st. Groth and Graham, 1954a, 1955), as well as of 
multiple infection of cells (Cairns and Edney, 1952). 
Since according to point (d) neither virus nor 
host in itself can be responsible for the production of 
5.22 - 5.23 
non-infective particles, the cause must lie in their inter-
, 
action. Host-virus interaction begins with the adsorption 
of the infective particle to the surface of an infectible 
cell. Under the experimental conditions, i.e., in an 
appropriate ionic medium and far from saDuration, this 
process closely follows the Einstein-Smoluchowski equation 
and shows, as far as can be determined, 100 p.c. collmsion 
efficiency over the adsorptive areas of the cell (Fazekas 
de St. Groth and Stone, unpublished). The situation is 
thus the same as in the well-studied case of bacteriophage 
and its host-bacterium, or influenza viruses and red cells. 
As the differences in the rate of adsorption within the 
group under investigation are so small as to be negligivle, 
it would seem unreasonable to link graded production of 
incomplete virus later in the infective cycle with differ-
ences as slight as these. 
While adsorption is practically complete in a 
matter of minutes, the second stage, viropexis, may last 
for hours. As evident from the behaviour of the two strains 
specifically studied (Fazekas de st. Groth, 1948~;Cairns 
and EdneY, 1952), members of the influenza group exhibit 
marked differences in this respect. Another observation, 
seemingly unrelated, is worth noting at this juncture. 
Cairns (1952) has found that the first cycle of allantois 
multiplication takes several hours longer than any of 
the subsequent cycles. A survey of the literature 
(Fazekas de st. Groth and Cairns, 1952) revealed that 
this discrepancy in cycle times was discernible in all 
published growth curves done in sufficient detail. Thus, 
here is a phase of viral multiplication which both shows 
strain differences and has unique properties in the 
first cycle. These differences in viropexis time could 
then serve as a basis for differences found in the pro-
duction of incomplete virus particles. 
5.24 Differences in time, although readily measur-
able, are of little avail when constructing biological 
hypotheses, mainly because the rate of these processes 
depends on more than one factor. Differences in rate, 
then, have to be translated into something less intangible, 
and usually this can be done by considering in detail 
what is happening during the particular process - in this 
case, Yiropexis. There is good evidence, chiefly from 
the work of Ada and Stone (1950), Stone (1951) and 
Stone and Ada (1950, 1952), that once adsorbed, the virus 
particle does not become anchored to the spot it hit first, 
but continues its Brownian movement in two dimensions, 
that is, glides along the adsorptive surface. During 
its random movement the enzymic groupings of the 
virus come into contact with and act upon substrate 
5.24 - 5.25 
groups embedded in the cellular surface. This process 
- called "browsing" in an earlier paper (Anderson et al., 
1948) - goes to completion on red cells, and results in 
spontaneous elution of the virus since the intact substrate 
molecules provide the main adsorptive force. Infectible 
cells, on the other hahd, will eventually ingest the virus 
particle, and it was by analogy to colloidopexis (the up-
take by cells of inert submicroscopic particles) that the 
name viropexis was proposed for the phenomenon (Fazekas de 
st. Groth, 1948~jFazekas de st. Groth and Graham, 1949). 
Obviously, the amount of substrate split will be directly 
proportional to the time the virus spends on the outer 
surface of the cells. Furthermore, enzymic destruction 
will be fairly even over the whole surface since the virus 
is less likely to re-visit areas already acted upon while 
others with higher adsorptive forces, i.e., more substrate, 
are still offering. 
Of the last step in this phase, the actual in-
gestion of the virus, we know little. Phagocytosis is 
the nearest parallel, and according to this a part of the 
ectoplasm engulfs the adsorbed foreign particle and folds 
it into the inside of the cell. The only electronmicro-
scopic study fully supports this view; Flewett (1953) 
writes: liThe cytoplasm appeared to have flowed completely 
or partly over the virus particles, and no cell membrane 
could be clearly distinguished". This occurred l~ hours 
after infection with a large dose of virus. It can be 
maintained therefore at the present level of our knowledge 
that concomitantly with the ingestion of an infective part-
icle a certain area of the cell membrane, too, will find 
its way into the inside of the cell. 
5.26 From the. above considerations, a hypothesis of 
5.27 
incomplete virus production might be stated as follows:-
During viropexis a small area of the ectoplasm folds into 
the cell, taking with it the infecting particle. If this 
ingested area contains more than a certain defined minimum 
of substrate for the viral enzyme, that cell will yield 
infective particles at the end of the multiplication cycle; 
if not, only a fraction of the yield will be infective, 
the rest consisting of incomplete, non-infective particles. 
This hypothesis would allow incomplete virus 
production only in the first cycle, as removal of substrate 
prior to infection is negligible in later cycles, due to 
the greatly shortened viropexis time. Since the time spent 
on the outside of the cell varies from strain to strain, 
and each strain has a different and characteristic rate of 
enzyme activity, it follows that the amount of substrate 
acted upon will not be uniform, and hence production of 
5.28 
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incomplete virus can be expected to vary among influenza 
strains. However, incomplete virus should appear after 
relatively concentrated inocula only, since the von Magnus 
phenomenon will not occur unless the average amount of sub-
strate has fallen below a threshold level, as postUlated 
by the hypothesis. Further, since the extent of enzyme 
action is influenced by the intrinsic properties of both 
virus and host, as well as by the time available for their 
interaction, incomplete virus production should depend on 
both partners. On the other hand, antigenic properties 
and virulence of these viruses should not bear directly 
on the phenomenon which is, essentially, an aspect and con-
sequence af enzyme-substrate interaction. Neither should 
multiplicity of infection be a prerequisite since the field 
of potential enz~ic coverage by a single virus particle 
both extends beyond and is physically independent of cell-
ular territories. 
While the new hypothesis is thus found consistent 
with all known features of the von Magnus phenomenon, its 
most pretentious tenet, viz., involvement of a chemical 
grouping of the cell surface in the production of infect-
ivity, requires specific proof. 
5.3 Main Experiment. 
5.31 The role of the receptor substance in endowing 
newly formed virus with infectivity could be demonstrated 
in either of two ways:-
1. If the substrate could be shielded from 
attacks of the viral enzyme without impairing its contri-
bution later in the cycle, cells after such treatment 
should yield infective virus only, even under conditions 
where normal cells would produce over 99 per cent incom-
plete particles. 
or 2. if the substrate could be inactivated with-
out rendering the cells non-infectible, incomplete parti-
cles should issue from infections with strains normally 
not showing the von Magnus phenomenon and, indeed, even 
after infections with dilute seed. 
As there is no way known at present to block the viral 
enzyme selectively and not destroy infectivity, the tests 
had to rely on altering the substrate. The receptor 
substance ~Dr influenza viruses is susceptible to two types 
of agents. The first group, the "receptor destroying en-
zymes" of various bacteria (Burnet, McCrea and stone, 1946; 
Burnet and Stone, 1947; McCrea, 1947; stone, 1947), is not 
particularly suited for the purpose since destruction of 
receptors also prevents infection (Stone, 1948 a, b). For 
the same reason high concentrations of the second group, 
the specific carbohydrate reagents, are of no use as they 
too, destroy receptors (Hirst, 1948). Milder treatment 
with one of the latter, such as the metaperiodate-ion, 
however, results in modification of receptors only: althougb 
the substrate has been rendered unattackable by the viral 
enzyme, the adsorptive capacity of the surface remains un-
changed (Fazekas de st. Groth, 1949). The main experiment 
was thus built around the receptor modifying effect of the 
104 - ion. 
5.32 Nevertheless, the outcome of the test could not 
be predicted directly from the hypothesis, as the effect 
of the 104-oxidation on the production of infective virus 
has never been examined. There are two possibilities. 
Modification of the substrate might not affect that moiety 
of the receptor substance which later contributes to the 
infectivity of newly formed virus. This would realize 
the first set of conditions. If inactivation were complete, 
i.e., both aspects of the receptor substance were altered, 
the second set of conditions would obtain with production 
of incomplete particles under all circumstances. In 
either case the outcome should be clear-cut, the expected 
results differing both from each other and the normal. 
5.33 
5.33 - 5.34 
A batch of ll-day-old eggs was given allantoic 
inocula of 1.0 ml 0.01 M KI~ in saline. The control 
group received the same volume of saline instead. Ten 
minutes later 0.1 ml 0.3 M glycerol in saline was injected, 
to neutralize excess periodate. The sub-groups of six 
eggs were then given large ( l09ID50) or small ( 104ID50 ) 
doses of PR8(A)and LEE (B) virus. These strains were 
chosen because they represent the two extremes of the 
"incomplete virus gradient" in eggs (Fazekas de St. Groth 
and Graham, 1954a), PR8 yielding about 99 per cent non-
infective offspring after concentrated inocula, LEE prac-
tically none. The eggs were incubated at 350 C and harvested 
at the height ot infectivity, i.e., 16 hours after the 
large dose and 42 hours after the small one. Those samples 
which were not tested for infectivity immediately on har-
vesting were stored in sealed ampoules on solid CO2 , SpeCial 
care was taken to include representatives from all groups 
in each set of titrations, as any bias due to possible 
differences between batches of eggs could thereby be aVOided. 
The results are shown in Table I. 
The control side of the experiment shows that 
after all small infective doses neither strain produces 
non-infective particles, the ID/HA ratios being indisting-
uishable from the theoretical ratiO, 106•26 (Fazekas de Sf. 
TABLE I - Production of Incomplete Virus in Periodate 
-treated Eggs. 
Inoculum Untreated eggs(control) Periodate-treated eggs 
strain Dose 
PR8 109 
(A) ID50 
ID/ml HA/ml ID/HA 
7.58 3.22 4.36* 
7.10 3.66 3.44* 
7.29 2.86 4.43* 
7.70 3.06 4.64* 
6.14 2.71 3.43* 
7.33 3.24 4.09~ 
Average ratio: 
4.07ii::t0.21 
9.66 3.55 6.11 
8.80 3.07 5.73 
9.70 2.68 7.02 
9.10 3.25 5.85 
8.80 3.01 5.79 
9.13 3.34 5.79 
Average ratio: 
6.05± 0.20 
8.50 2.38 6.12 
9.13 2.95 6.18 
9.30 3.34 5.96 
9.70 2.98 6.72 
9.50 3.04 6.46 
9.00 2.92 6.02 
Average ratio: 
6.25:t 0.12 
9.07 3.10 5.97 
9.25 2.97 6.28 
8.75 3.25 5.50 
9.87 3.25 6.62 
9.08 9.77 6.31 
9.60 3.28 6.32 
Average ratio: 
6.17=0.16 
ID/ml HA/ml ID/HA 
6.64 2.37 4.27* 
6.00 2.47 3.13* 
5.83 2.67 3.16* 
6.42 2.62 3.80* 
6.00 2.89 3.11* 
6.10 2.44 3.66* 
AVeraje ratio: 
3.52 ± 0.19 
8.37 3.49 4.88* 
7.75 3.03 4.72* 
8.25 3.75 4.50* 
7.30 2.77 4.53* 
7.50 2.62 4.88: 
7.72 2.62 5.13 
Averaie ratio: 
4.77 ±0.10 
7.50 3. 25 4.25* 
8.17 3.10 5.07* 
8.40 3.15 5.25* 
8.13 3.15 4.98* 
7.89 3.22 4.67* 
8.20 3.16 5.04* 
Averajie ratio: 
4.88 ± 0.15 
7.71 3.12 4.5~ 
8.10 3.13 4.97* 7.~0 3.58 3.92* 
8.58 3.24 5.34* 
8.17 3.22 4.95* 
7.28 2.62 4.93* 
Average ratio: 
4.78* ± 0.20 
Infectivity (ID) and haemagglutinin (HA) titres are 
in log1~ units. 
* = significant production of incomplete virus, i.e. 
ID/HA < 5.42. 
5.35 
Groth and Cairns, 1952). The LEE virus maintains this 
ratio even after large infective doses, while PR8 forms 
over 99 per cent incomplete particles under similar 
circumstances. 
In the periodate-treated eggs, on the other 
hand, all combinations of strains and doses give ID/RA 
ratios significantly below the normal, i.e., the yield 
contains a great excess of non-infective virus. I~erms 
of the hypothesis this amounts to the realization of the 
second set of predictions, namely, that inactivation of 
the receptor substance be followed by formation of in-
complete virus on infection of the treated tissue. 
These r~sults lay particular stress on the host 
cell's contribution to infectivity. It is clear that the 
three cardinal features of the von Magnus phenomenon - its 
occurrence only in the first cycle, only after large in-
ocula, and to different degrees with different strains -
can be altered by simple chemical treatment of the host, 
several hours prior to the release o~ newly formed virus. 
To establish this statement fully, it has to be showm 
further (a) that the action of the chemical was restricted 
to the host; (b) that cellular receptors have actually 
been modified under conditions of the experiment; and (c) 
that the virus recovered is the yield of a multiplicative 
process, and not some remnant of the original seed. 
5.4 
5.41 
5.4 - 5.42 
Control Experiments and Summary of Results. 
Subsidiary Experiment I. The target of periodate action 
was tested in the following manner. Batches of six ll-day 
eggs were given allantoic inocula of O.OlM KI04, or O.OL~ 
KI04 mixed with 0.3M glycerol, or O.OlM KI03 , or saline. 
Ten minutes later the eggs received 109 or 104 infective 
doses of PR8 or LEE virus. After incubation at 350 C the 
fluids were harvested, 16 hours following the concentrated 
and 42 hours after the dilute inoculum. 'Each allantoic 
fluid was titrated for infectivity and haemagglutinin, 
with the result shown in Table II. Incomplete particles 
could be detected only after 104-treatment; all other 
treatments gave effects indistinguishable from the saline 
controls. 
5.42 As a further check, in a second experiment, 
approximately 109ID50 of the two viruses were treated with 
5.0 ml allantoic fluid containing 1.0 ml of either O.OLM 
KI~, or O.OlM KI~ neutralized by glycerol. Ten minutes 
later 0.1 ml of 0.3M glycerol was added to these fluids, 
and they were inoculated into groups of untreated normal 
eggs. This experiment gave a negative answer: treatment 
of the infective inoculum did not result in the production 
of non-infective particles. The conclusion to be drawn 
TABLE II - Production of Incomplete Virus after Various 
Pre-treatments of the Allantois. 
Inoculum Pre-treatment of allantois 
Strain Dose KI04 ,0.01mH KI04'0.0lmJv! KI03 ,0.01mH Saline 
... (control) 
glycerol,0.3mH 
PR8 104 5.l4:li 6.09 6.15 6.26 (A) ID50 
LEE 109 4.24* 6.17 6.03 6,29 (B) ID50 
LEE 104 4.3lX 6.21 6.07 6.24 (B) ID50 
The figures show, in loglO units, the average ID/HA ratio 
of the yield of each of six eggs. 
* = significant production of incomplete virus. 
5.44 
5.42 - 5.44 
from these two tests is clear: only periodate is effective 
in chemically inducing the von Hagnus phenomenon, and its 
action is directed against the host tissue and not against 
the virus. 
Subsidiary Experiment II. Hodification of receptors has 
been defined in the original description as any treatment 
of a receptive surface after which adsorption of influenza 
viruses continues unhindered while their spontaneous elution 
or artificial removal by receptor destroying enzymes is 
prevented. To find out whether such modification was 
actually brought about by the standard periodate treatment, 
a separate experiment was set up to test the :eeceptive pro-
perties of the allantoic wall. 
Groups of eggs were allantoic ally inoculated 
with 1.0 ml of O.OlM KI04' or O.OlM KI03 , or saline. Ten 
minutes later each egg received 0.1 m1 0.3M glycerol, and 
after another 10 minutes 0.60 ml PR8 or LEE virus. A 
quarter of an hour at 350 C was allowed for adsorption, and 
at the end of this period a small sample (approx. 0.25 ml) 
of fluid was removed from the allantoic cavity; the haem-
agglutinin titre of this sample shows what proportion of 
the virus injected became attached to the cells. To see 
whether the adsorbed virus could be eluted, 0.25 ml of a 
5.44 
receptor destroying enzyme preparation (titre: 100, by 
the method of Burnet and stone) was injected, and the eggs 
kept at 35°c for a further 15 minutes. A second sample 
of fluid was removed at the end of this period, and 
titrated for haemagglutinin. 
TABLE III - Adsorption and Elution of Virus after Various 
Pre-treatments of the Allantois. 
Inoculum Pre-treatment 
of 
Strain Titre allantois 
PRB (A) 
LEE 
(B) 
Bl 
121 
KI04,0.01mM 
KI03 ,0.OlmM 
saline(control) 
saline(control) 
Average haemagglutinin titre 
after 
adsorption elution 
IB.4 12.2* 
13.B 63.0" 
16.1 74.3' 
B.4* 
111.4 
14.5 102.3 
* = significant difference from respective control. 
5.45 
5.46 
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The results (Table III) show that none of the 
treatments interfered with the adsorption of the viruses 
to the allantoic wall, while 104 was the only reagent 
capable of preventing elution. It is concluded therefore 
that under the conditions of the main experiment cellular 
receptors have been modified by metaperiodate. 
Subsidiary Experiment III. Allantoic fluids containing 
non-infective particles often show lower infectivity than 
the seed from which they are derived. This is particularly 
striking after artificial induction of the von Magnus phe-
nomenon, as shown in the second half of Table I. Yet, the 
objection that the harvested material was not the yield 
of a multiplication cycle but rather had been left over 
from the original inoculum, could hardly arise. There 
are good, although indirect, arguments against this concept. 
The first is the increase in haemagglutinating particles, 
consistently present in all groups. Since this rise is 
between ten and a hundred times the original infective dose, 
and the cyclic increment of influenza viruses is of the 
same order, the simplest interpretation is to assume a 
multiplication cycle with a yield of about 99 incomplete 
and 1 complete virus particle for each infective unit in-
jected. The undiminished survival of the initial infective 
inoculum is rather unlikely also on another score. Such 
5.46 
doses of virus as used in the experiment are known to be 
readily ingested by cells (Fazekas de st. Groth, 1948b)and, 
indeed, considerably larger ones undergo viropexis, as has 
been compellingly shown by Isaacs and Edney (1950) and by 
Cairns and Edney (1952). However, to furnish formal proof 
on this issue, the allantoic cavity of eggs was rinsed three 
hours after infection, thereby removing all the virus free 
at that time. The allantois was then filled with gelatine-
saline, and sampled a further 13 hours later. 
TABLE IV - Production of Incomplete Virus after Removal 
of Non-absorbed Seed from the Allantois. 
Inoculum Treatment of allantois 
Strain Dose Before infection After infection 
nil washing 
PRS 109 nil 3.93]( 4.26]( (A) ID50 3.20" KI04,0.01mM 3.12]( 
LEE 109 nil 6.29 6.21 (B) ID50 4.24]( 5.3S]( KI04,0.01mM 
The figures show, in loglO units, the average ID/HA ratio 
of the yield. 
]( • significant production of incomplete virus. 
5.47 
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The results (Table IV) were as expected: the 
yield was undiminished and qualitatively indistinguishable 
from the control groups, i.e., the same proportion of in-
complete and infective particles was recovered as in the 
main experiment. It follows that the material harvested 
at the end of the usual incubation period is not the ori-
ginal seed but its offspring after at least one cycle of 
intracellular multiplication. 
Thus the '!>lorking hypothesis on the mechanism of 
incomplete virus formation, has been shown to be consistent 
with experimental results. It visualized the failure of 
the host cells to provide an essential constituent during 
virus multiplication, leading to the formation of non-
infective particles by virus multiplying in these cells. 
This factor has been tentatively identified with the rec-
eptor substance on the outside of the cell membrane, which 
is transferred to the site of virus multiplication during 
viropexis. After modification of this substance with 
the metaperiodate ion, allantoic cells have been made to 
produce incomplete particles upon infection with influenza 
virus. It has been shown that the site of the chemical 
action was these surface groupings on the cell membrane 
and not the infecting virus, and both large and small doses 
of two strains at the extremes of the incomplete virus 
5.48 
gradient, (3.41), have been shown to form non-infective 
particles when multiplying in cells so treated. 
5.5 Artificial Product!on ~ Incomplete Virus !n the Allantois. 
5.51 The preliminary experiments on the production of 
incomplete particles in the allantoic cavity of developing 
chick embryos after treatment with potassium periodate were 
carried out using two strains only. For obvious reasons 
the strains PR8 and LEE were chosen, as representing the 
two extremes of the incomplete virus gradient in eggs, 
(3.41). In the light of past experience, relating to the 
great variation among strains of influenza virus in their 
quantitative response to any treatment, it was necessary 
to examine also the other strains with which we commonly 
worked. 
5.52 The formation of incomplete virus by d!fferent strains of 
!nfluenza v!rus in periodate-treated eggs. 
The experiment was an exact replica of the main 
experiment described in 5.33, each of the strains being 
used. The results are shown in Table V, and are expressed 
in the same form as Table I (5.33). 
The results in Table V show that the pretreatment 
of the allantois with potassium periodate resulted in the 
formation of incomplete virus by all strains even after 
dilute inocula. Again, the strains varied in their response 
to the effect of periodate, but all strains produced more 
non-infectious particles after the inoculation of concen-
TABLE V 
The Formation of Incomplete virus by Different Strains of 
Influenza Virus in Periodate Treated Eggs 
Strain and Untreated Eggs(contro1) Periodate-Treated Eggs 
Inoculum ID/ml HA/ml ID/HA ID/ml HA/ml ID/HA 
WSE (A) ~.67 2.8~ 1t.78 5.25 2.68 2.57 
9 .21 3.1 5.03 5.30 1.93 3.3~ 10 ID50 7.ltO 3.01 1t.39 5.00 2.22 2.7 
6.75 2.lt7 1t.28 
Average ratio:'+.b2:!:0.17 Average ratio:2.91tO.2'+ 
8.38 3.01 5.37 8.08 2.35 ~.73 
10ltID50 
9.10 2.65 6.lt5 7.38 2 lto .98 . , 
9.13 3.22 5.91 7.75 2.lt6 ~.29 8.92 3.06 5.86 7.~5 2.95 .80 9.25 3.lto 5.85 7. 3 3.12 1t.71 
Average ratio:;.89=0.17 Average ratio:;.10=0.19 
MEL (A) 8.67 3.61t 5.03 8.00 3.55 It.lt5 
9 7.00 3.00 It. 00 10 ID50 7.00 3.06 3.94 6.80 2.77 4.03 
7.50 3.04 1t.46 
Average ratio:'+.lS±O.ll 
. 8.83 3.25 5.58 8.88 3.22 5.66 
It 9.ltO 3.08 6.32 8.20 3.31 4.89 10 ID50 9.13 2.9lt 6.19 7.90 2.92 It. 98 9.10 3.~1t 5.76 7.83 2.95 4.88 8.83 3. 5 5.~8 8.70 3.40 ~.30 9.33 3.69 . 5. It 7.75 3.31t .lt1 
Average ratio: 5. !h-tO.1; Average ratio;5.02tO.17 
BEL (A) 8.67 3.10 7.20 3.28 3.92 
109ID50 
8.63 3.24 7.29 3.25 It. 04 
9.00 3.25 7.00 2.91 1t.09 
8.75 3.01 7.10 3.24 3.86 
~.8~ 3.40 7.40 3.42 3.98 
.7 .46 6 4 6 
Average ratio: Average ratio:3.92~0.07 
strain and 
Inoculum 
BEL (A) 
It 10 ID50 
FMI (A') 
9 10 1D50 
It 
10 1D50 
BON (B) 
9 10 1D50 
Untreated Eggs(contro1) 
ID/ml HA/m1 ID/HA 
9.4-0 3.25 6.15 
10. lit 3.28 6.86 
9.25 ~.73 5.52 10.10 .11 5.99 
9.58 3.96 5.62 
10.20 3.99 6.21 
Average ratio:().O():t 0.20 
8.33 3.06 5.27 
8.75 3.01 5.71t 
7.75 2.65 5.10 
Average ratio: ;.37 ± 0.19 
8.17 2.88 5.29 
9.00 2.80 6.20 
9.38 2.77 6.61 
Average ratio:().03:t. 0.39 
7.90 3.58 1t.32 
7.36 3.66 3.70 
Average ratio:lt.01 
6.77 
6.19 
5.52 
Periodate-treated Eggs 
ID/ml HA/ml ID/HA 
7.58 3.25 1t.33 
8.92 3.1t0 ~.52 8.10 3.28 .82 
8.29 3.16 ~.13 8.50 3.70 .80 
8.36 2.71 5.65 
Average ratio:~.OIj:± 0.2 
7.21 2.58 1t.63 
7.75 2.89 It. 86 
7.1t0 2.52 It. 88 
8.00 2.55 5.1t5 
7.75 2.55 5.20 
Average ratio:;.00±0.1 
7.07 2.92 1t.15 
6'i8 2.91 ~.1t7 7. 0 2.88 .72 
7.60 2.61 It. 99 
Average ratio;lt.33:t: 0.3 
5.00 2.70 2.30 
1t.67 2.89 1.78 
5.63 3.oIt 2.59 
~.10 3.61t 1.1t6 
.79 3.66 1.13 
5.25 3·37 1.88 
Average ratio:1.M:: 0.6, 
Average ratio:().lt8 Average ratio:4.95:!: 0.1tIt 
5.52 
Strain and Untreated Eggs(control) Periodate-treated Eggs 
Inoculum ID/ml HA/ml ID/HA ID/ml HA/ml ID/HA 
HUT (B) 8.83 3.10 5.~ 8.50 3.19 5.31 
9 8.75 3.21 5. 7.75 2.83 4.92 10 ID50 8.76 3.15 5.61 7.43 3.40 4.03 8.88 3.1g 5.7, 7.88 3.40 4.48 8.50 3.1 5.3 8.30 2.94 5.36 8.60 3.25 5.35 
Average ratio:;.;;±0;07 Average ratio:[j:.S2±:0.~ 
8.5§ 2.86 5.71 6.75 2.71 4.04 4 9.~ 3.07 6.~1 7.08 3.33 ~.75 10 ID50 8. 0 3.40 5. 1 7.67 3·09 .58 
8.38 2.97 9.41 6.40 3.16 3.24 
8.80 2.74 6.06 
8.58 3.19 5.39 
Average ratio:;.Sl+± 0.17 Average ratio:3.9~0~2 
SW 9 8.70 3.06 5.64 7.75 3.04 4.71 10 ID50 6.58 2.91 3.67 6.25 3.01 3.24 
Average ratio:3.S7::!:. 0.4 
4 9.20 2.77 6.4g 8.80 3.28 5.52 10 ID50 8.60 2.41+ 6.1 9.00 3.19 5.81 
8.63 3.16 5.47 8.30 2.95 5.~5 8.57 2.97 5. 0 
Average ratio:6.02±0.29 Average ratio: 5.5S!:0.1 
5S3 - 5.5lt 
trated seed into periodate treated eggs than into normal 
eggs. With the exception of BON', HUT and LEE, all strains 
produced more incomplete virus after the inoculation of 
concentrated seed into periodate treated eggs, than dilute 
seed. 
These results indicate that the reaction of per-
iodate treatment and concentration of seed virus is a very 
complex one. The lower ratio given by undiluted seed 
virus in periodate treated eggs than in normal eggs would 
suggest that the two effects are somehow cumulative, and 
this level of production of incomplete virus may not even 
yet be at its lowest. This point will have to be inves-
tigated by using relatively higher doses of KIO~, prefer-
ably under circumstances where multiplication of host cells, 
a potential complication, can be excluded. Such an experi-
mental set-up is suitable also for the comparison of dosage 
effects of virus. The latter shows greater variation than 
usual in these tests; however, no clear trend is discern-
ible in the results with two doses of virus and one of 
periodate. 
The Effect of Varying Doses of Period ate on 
the Formation of Incomplete Virus. 
The fundamental results obtained in 5.3 opened 
up a field of experimental work. which has barely been 
touched upon in this study. That influenza virus strains 
could be made to produce non-infective offspring when 
inoculated into a system, in concentrations which 
normally.produced ful~y active particles, has been 
established. One set of conditions has been demonstrated 
which produces this result, and yet its detailed 
mechanism remains unsolved. 
Four other facts immediately present them-
selves for investigation. 
(a) The variation in the amount of non-infec-
tive particles produced by different strains (5.5) in-
dicated that each strain differed in its response to 
periodate treatment. That varying doses of periodate 
would affect the formation of incomplete virus seemed 
highly probable and could easily be determined. 
(b) Periodate acts almost instantaneously and 
section 5.33 has shown that when administered 10 minutes 
before neutralization with glycerol followed by the 
immediate inoculation of the virus, the substrate of the 
viral enzyme is modified and incomplete virus is formed. 
Whether the action of periodate would be the same if 
given several hours before inoculation, or at any time 
after infection, is not known. This result however is 
vital to the full understanding of the mechanism involved. 
(c) Periodate is a strong oxidizing agent, 
and its action on the carbohydrate molecule is well 
known. It is essential to determine whether other sub-
stances will have a "similar effect as the periodate ion. 
(d) The rate of growth of influenza virus in 
periodate treated eggs is easy to determine, and from 
this result information relating to the mechanism of 
incomplete virus production will be gained. 
Of these four questions only the first has 
been dealt with in this study, and even this has not been 
fully explored. 
5.63 The experiment consisted of an exact replica 
of the single passage experiment in periodate treated 
eggs, 5.33, using four-fold dilutions of Kl~. The fact 
that the LEE strain influenza virus did not produce 
incomplete particles after the inoculation of undiluted 
seed virus into normal eggs (3.3), made this strain an 
ideal subject for this experiment, and the results 
obtained are shown in Table VI. The results are 
expressed in logro units per m1 in the same way as 
Table II (5.~1). 
The results show that the effectiveness of 
the metaperiodate ion in inducing the formation of 
incomplete virus decreases on dilution. The most 
effective periodate treatment was 1.0 m1 of 0.01 M K1~, 
yielding a 20 fold decrease in ID/HA ratio after con-
centrated inoculum, and a 50 fold decrease following 
dilute seed. A more concentrated dose of KIO~ may 
further increase this fall in ratio. Periodate was 
progressively less effective on dilution in fourfold 
steps, although the data are not extensive enough to 
define the shape of this dose-response curve. 
The same situation as found here with LEE no 
doubt operates with other strains, but LEE is the only 
strain on which conclusive work can be done, as to date 
no concentration of LEE when inoculated into normal eggs 
has been shown to produce incomplete virus in single 
passage, and differences will therefore be most clear 
cut with this strain. The effect of varying dilutions 
of periodate in the allantois, on the multiplication of 
TABLE VI 
The Effect of Varying Doses of Periodate on the Production 
of Incomplete Virus. 
Inoculum 
Treatment 
-109ID2:0 _10
ltID 
1.0 ml ID/ml HA/ml ID/HA ID/ml HA/ml ~~D/HA 
9.00 2.9~ 6.05 9.70 3.22 6.lt8 9.17 3.3 5.83 9.08 2.98 6.10 SALINE 9.70 2.98 6.72 9.60 2.95 6.65 
9.50 3.0lt 6.lt6 9.lto 3.ltO 6.00 
9.00 2.96 6.ol.J. 9.00· 3.79 5.21 
8.58 3.lt6 5.12 
9.00 3.lt3 5.5l 9.17 3.31 5.8 
Average ratio:b.22=0.lb Average ratio:~.S7± 0.19 
7.75 2.98 It.77 8.~0 3.25 ~.25 7.60 2.38 ~.22 7. 2 3.22 .20 O.OlM 7.70 3.ol.J. .66 7.17 3.l.J.6 3.71 
Kl°lt 7.75 2.71 5.olt 7.ltO 3.67 3.73 7.90 3.l.J.o It.50 7.83 3.52 It.31 
8.38 3.19 5.19 7.50 3.13 
. It.~7 6.86 3.22 3. 4 
Average ratio:~.90rO.12 Average ratio:~.17± 0.19 
8.30 2.7lt 5.56 9.17 3.28 5.89 
9.07 2.80 6.27 8.08 2.95 5.13 0.0025M 8.50 2.92 5.58 8.lto 3.22 5.18 
KlOt.. 8.90 2.83 6.07 8.88 3.10 5.78 8.07. 2.98 5.09 9.00 3.~ 5.lt8 8.19 3. 5·r 8.60 2.92 5. 8 
iverage ratio:~.72~0.21 Average ratio:~.~O'" 0.11 
, 
Inoculum 
9 4 Treatment 
-10 ID50 -10 ID50 l.Oml 
ID/ml HA/ml ID/HA ID/ml HA/ml ID/HA 
7.50 2.74 4.76 8.30 3.19 5.11 
0.000625M 9.25 2.95 6.30 8.80 3.25 5.55 
Kl~ 8.00 2.65 5.~5 9.00 2.98 6.02 8.42 2.77 5. 5 9.29 3.40 5.89 
8.75 2.77 5.98 8.17 2.70 5.47 
8.43 2.53 5.90 8.75 3.~5 5.20 9.00 3. 2 5.58 
Average ratio:5.66~0.22 Average ratio:5.,5± 0.13 
7.83 3.19 4.64 9.58 3.13 6.45 
.0001525M 9.25 2.92 6.33 8.75 3.25 5.50 
K1~ 9.00 2.92 6.08 9.17 3.46 5.71 8.88 3.34 5.54 8.67 3.16 5.51 
8.86 3.07 5.79 8.33 3.27 5.06 
2·00 3.42 2&22 
Average ratio:5.67~0.29 Average ratio:5.76± 0.19 
....... otb.el' .strai11.s .. 'W'iU.Yieldmore.ini'orm.a tion.onthi saspect. 
of the work. It is to be expected from other known 
gradients that each strain will react in a quantitatively 
different manner to different concentrations of periodate. 
Fazekas de St. Groth and Graham (1949) have described the 
quantitative variation among strains in their affinity 
for red blood cells treated with K1~, and 4.2 describes 
the effect of different dilutions of periodate on the 
adsorption and elution of these strains in the mouse lung. 
This effect of dilution is in line with the hypothesis 
put forward in ,.2. That the substrate concentration 
must be at a certain level for the formation of fully 
active virus follows from these experiments, and the 
lesser concentrations of Kl~ are incapable of reducing 
the level sufficiently to completely prevent fully 
active virus being formed. 
6. - 6.11 
6. THE PRODUCTION OF INCOMPLETE VIRUS ON SERIAL PASSAGING. 
6.1 Introduction. 
6.11 The single-passage experiments described in 3. 
have revealed differences among influenza strains in 
regard to incomplete virus production. Yet, due to the 
inherent limitations of the technique, it was not possible 
to settle the question whether these differences were 
absolute, i.e., whether some of the strains produced no 
incomplete particles at all. To solve this problem con-
centrated inocula were carried through several consecutive 
passages; thus the effect can be cumulated while the 
error of the titrations remains constant. Were no in-
complete particles produced, the series should be expected 
to behave like a serial passage of dilute ihocula, viz., 
maximal infectivity and haemagglutinin tit res would be 
obtained throughout. If, on the other hand, even small 
amounts of incomplete particles were produced, these would 
progressively interfere with the yields of virus in sub-
sequent passages, and finally a reduction of both infect-
ivity and haemagglutinin titres should be expected. In 
experiments of this type special care has to be taken (a) 
to expose the great majority of cells to the initial 
inoculum, i.e., to work at high multiplicities, and (b) to 
6.11 
avoid contamination of the first-cycle yield with virus 
from later cycles which were initiated under ~ifferent 
conditions. The latter precaution is particularly 
important in view of the observation that infection of a 
larger number of cells acts as a mitogenetic stimulus on 
the allantoic wall, resulting in the appearance of new 
infectible cells in numbers sufficient to obscure the 
results (Fazekas de st. Groth, unpublished). 
6.2 
6.21 
6.22 
6.2 - 6.22 
Serial Passage Experiment. 
The technique adopted and applied to all strains 
was as follows: The seed virus was given one allantoic 
passage at 10-4 dilution immediately before the experiment 
proper. Then three II-day eggs were inoculated allant-
oically with 2.0 ml each of undiluted seed, and incubated 
for 12 hours. The fluids were then harvested through the 
hole used for inoculation, without previous chilling of 
the eggs. Three ml. volumes of each fluid were used to 
prepare pools within each group, and of these pools again 
2.0 ml volumes were inoculated into each of a group of 
three eggs, and the procedure repeated through four passages. 
The original seed, each of the first, second and third 
passage pools, and all the three fluids of the final passage 
were titrated individually for infectivity and haemagglu-
tinin content either immediately or after storage at _200 • 
The results with six representative strains are 
shown in Figure I. The strains were so chosen that the 
group should contain a virus of each immunologic~l type 
exhibiting the von Magnus phenomenon (PR8(A), BON(B) and 
SW), and also three strains which did not produce signifi-
cant amounts of incomplete virus in the single-passage 
experiments above: CAM(A'), FMl(A') and LEE(B). The four 
6.22 
strains not shown in the figure behaved in every respect 
like the viruses PR8, BON and SW. 
Figure * 
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6.3 - 6.31 
Discussion of Results. 
The findings with the strains PR8, BON and SW 
are a replication of von Magnus' findings: consecutive 
passage of large inocula progressively reduced the pro-
portion of infective virus in the yields, and the ID/HA 
ratios are approximately a thousand times lower than the 
normal ID/HA ratio (106•26 ) already in the second passage 
and onwards. It is worth noting that from the stage 
where the absolute amount of infective virus in the in-
oculum dropped to a level below 1 per cent of infectible 
cells, that is to less than 106 , the haemagglutinin yield 
of the eggs was also reduced. This phenomenon is well 
accounted for by the fact that under these cmnditions a 
second cycle of multiplication became possible, and in 
this cycle the interfering effect of the originally in-
oculated excess of incomplete virus became noticeable. 
It is known from previous work (Fazekas de st. Groth, 
Isaacs and Edney, 1952) that the establishment of heter-
ologous interference is not instantaneous, and thus the 
first-cycle yields of active virus are the same wh~r 
the initial seed contained infective particles only or a 
mixture of infective and inactivated particles. A 
numerical estimate of this reduction may be supplied by 
comparing the mean haemagglutinin titres of the "0" and 
6.32 
. 6.31 - 6.33 
Itllt passages with the average titre of the three fluids 
harvested after the fourth passage. The reduction for 
PR8 is 3.62 - 1.59 = 2.03 loglO units, i.e., 100-fold; 
for BON 2.83 - 1.78 = 1.05, i.e., II-fold; for SW 
2.89 - 2.16 = 0.73, i.e., 5-fold. These differences are 
all significant, the error of a single haemagglutinin 
titration being 1.3-fold. 
Of the two borderline cases, CAM(A') and 
FMl(A'), the former obviously belongs to the group of 
viruses which exhibit the von Magnus phenomenon. In 
the single-passage experiments the CAM-strain showed a 
production of incomplete virus which was significant at 
the 5 per cent but not at the 1 per cent level. This 
behaviour was maintained through two consecutive passages, 
but from the third onwards the cumulative effect showed 
up quite clearly and the ID/HA ratios dropped well below 
the normal, the difference being over 1000-fold. Also, 
there is a distinct reduction in haemagglutinin yields 
with a difference of 3.33 - 2.21 = 1.12, i.e., 13-fold. 
The other A-prime strain, FMi, cannot be classed 
with the previous group of viruses inasmuch as the total 
reduction of infective offspring never reaches the low 
levels attained by the strains showing the typical be-
haviour described by von Magnus. Whereas the first four 
6.33 - 6.34 
viruses represented in the figure produce an excess of 
incomplete particles of the order of 30,000 to 1 by the 
end of the fourth passage, the FMl-strain reaches a ratio 
of 1000:1 after the second passage and stays at this 
level for the subsequent passages. There can be no doubt 
however, that significant amounts of incomplete virus 
have been produced and this became detectable by the more 
rigorous test afforded by the repeated-passage experiments; 
there was also a definite drop in haemagglutinin yields, 
namely 2.88 - 2.14 = 0.74, i.e., 5-fold. 
6.34 The LEE strain, in which no difference could be 
detected by the single-passage test, could also be shown 
to produce some incomplete virus under these conditions. 
The reduction of the ID/HA ratiOS, is however, evidently 
less than in any of the other strains tested, being of the 
order of 100 even after four consecutive passages. It is 
also significant that, though the multiplicity of infection 
was kept at the level of 50 particles for each infectible 
cell throughout the four passages, there is no reduction 
of haemagglutinin yields within the series. The average 
haemagglutinin titres compared as in the other strains 
show that the final yield was 3.06 - 3.23 = -0.17, i.e., 
unchanged, the minimal rise (1.2-fold) being insignificant. 
6.35 
6.35 
The general conclusion to be drawn from this set 
of experiments is that production of incomplete virus can 
be elicited from everyone of the influenza virus strains 
tested. The differences found are thus, although extreme, 
of a quantitative nature rather than absolute. From the 
practical point of view the behaviour of haemagglutinin 
titres may be of importance. Their trend indicayes that 
by the technique generally used, viz., repeated passaging 
at high concentrations, no useful further reduction of 
the ID/HA ratiO can be hoped, as below a limiting concen-
tration of infective particles in the seed the resultant 
haemagglutinin yields will drop. Thus they not only fail 
to give preparations with a larger proportion of incomplete 
particles in them, but actually lead to a lmver total out-
put of particles per egg. 
7 - 7.11 
7. INTERMEDIATE FORMS OF INFECTIVITY. 
7.00 During the course of the experiments reported 
above two surprising observations were made which 
cast doubt on the orthodox concept that a virus 
can be one of two things, infective or non-
infective. 
7.1 Forms with restricteg growth capagity. 
7.11 The first of these observations was made 
during the serial passage experiments (6.) and 
mentioned there without comment. It is the fact 
that in the second and third passages of most of 
the viruses tested, the original inoculum did not 
contain enough .nfegtiy~ particles to saturate all 
cells. In fact, not more than 10% of the cells 
received infective seed, the rest w~ saturated 
with "incomplete", that is, presumably non-infective 
- -particles. Yet, the yield of these passages was 
not lower than that of the first passage where all 
cells received infective particles initially. Since 
great care was taken to restrict the experiment to 
a single cycle of multiplication the phenomenon could 
be explained only by assuming that the majority of 
the particles inoculated was "incomplete" when 
tested in our standard infectivity test, but 
capable of going through at least one cycle of 
multiplication under the conditions of the serial 
passage experiment. 
Since during serial passaging the cells 
were multiply infected in the first few passages, 
one could not tell whether the virus could go through 
a multiplication cycle on its own, or whether 
multiple infection was a necessary condition of the 
phenomenon, that is, the high haemagglutinin yield 
was the result of mutual reactivation by incomplete 
particles. To decide this issue the following 
standard experiment was carried out on several strains. 
7.13 The "Single Cygle Infegtiyi ty T.est". 
Using the l?ingle passage technique (3.21), 
preparations of "incomplete" (following a single 
passage of 109 ID50 seed virus), and fully active 
4 
virus (after the passage of 10 ID50 seed virus) 
was obtained. Each of the 10 strains were used, 
and the bulk of the fluids was, kept at _lOoC whilst 
a sample of each was titrated immediately for haemag-
glutinin content. The fluids were then thawed, and 
diluted accurately in saline to give a titre of 
5 AD's when inoculated into the allantoic cavity. 
0.5 ml of ea~h fluid was inoculated allantoically 
into 3 l2-day eggs, which were incubated at 350 C. 
Samples of allantoic fluid were taken from 
each egg after 9, 10, 11, 12 and 24 hours. Eggs 
inoculated with BON, a more slowly multiplying strain, 
were sampled after 11, 12, 13, 14, 15 and 24 hours 
incubation. The fluids were kept at 4°c and at the 
end of the sampling all were titrated for haemagglu-
tinin. 
7.14 The results are shown in Table I and 
Figure I. The table shows the haemagglutinin titre 
of the allantoic fluid expressed in log2 units per 
0.25 ml, each figure representing the average of 3 
replicate eggs. Figure I shows the plot of the 
average haemagg1utinin titre of allantoic fluid at 
each hour in log2 unitw. The dots represent "in_ 
complete virus" (allantoic fluids harvested from 
eggs inoculated with concentrated seed), whilst those 
harvested from eggs infected with fully active virus 
are represented by circles. 
The results in Table I and Figure I 
(7.14) show that multiplication has taken place after 
7. lit 
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-§iiSl Dm:1xiSl E;r;:2m 
Strain 109 1D50 Yield 10lt ID Yield 50 
Uour§ i'~1t lD29YlI~~gQ 
Q 2 J.O J.J. J.g 21t 0 2 J.Q J.J. J.g 21t 
WSE 1.6 3.0 2.7 3.2 It. 3 8.7 1.9 3.3 It. 8 5.9 1t.7 8.0 
1.5 0.5 0.5 oS O.lf 8.0 2.6 6.8 8.7 9.5 9.8 11.1+ 
1.~ 1.5 1.8 2.9 3.9 8.2 1.6 1.8 2.1 2.3 2.6 10.7 2. 1.8 2.3 2.7 3.7 6.5 2.3 3.6 1+.3 It.O 1+.2 9.8 
1.5 0.5 0.5 1.8 2.0 7.8 2.1 3.7 It.1 It.o 3.6 9.1 0.6 1.2 1.8 1.0 0.6 8.It 
Mean 1.70 1.1+6 1.56 2.22 2.92 7.8i+ 1.85 3.1+0 1+.30 It.lt5 1+.25 9.57 
PR8 1.9 1.1t 2.1+ 1t.1 5.1t 7.~ 2.0 1.3 2.3 3.9 5.1 9.9 3.1 1.5 ~.o 3.6 1+.0 6. 1.7 3.7 6.5 7.~ 7.7 12.0 1.6 3.1 .0 ~.o 5.~ 7.~ 1.9 0.9 3.9 4. 5.7 10.0 2.1 3.0 3.9 .9 If. 7. 1.4 0.5 0.7 0.7 2.1 8.8 
1.9 1.9 2.7 3.1 ~.9 6.2 1.7 3.5 It.9 5.8 .2 . 8.9 2.1 0.2 0.1+ 0.6 0.6 8.7 
1.9 1.~ 2.3 2.5 3.~ 7.9 2.1+ It. 8 5.5 5.3 It. 9 10.8 1.5 1. 1.75 2.7 2. 7.9 2.0 0.5 0.5 0.2 0.2 9.9 1.6 3.5 1t.65 5.~ 5.1 8.7 1.7 0.5 0.6 0.2 0.2 8.5 2.5 0.5 0.5 o. 0.7 2.6 0.7 ~:~ It. 5 5.3 5.1+ 9.0 1.5 3.9 It. 03 It.7 5.2 9.2 2.3 7.1 8.1 8.1 10.5 
2.1t 6.0 6.1 7.1+ 8.1+ 9.1 
1.9 6.a 6.5 7.3 7.8 9.5 
1.9 6.6 7.1 7.5 7.8 10.2 
0.2 8;0 7.8 8.7 8.9 11.0 
0.9 5.5 6.2 7.5 10.5 9.9 
Mean 1.80 2.82 3.72 3.96 It.olt 6.76 1.7, 3.77 ,.,8 6.,8 ,.78 10.27 
FMI 2., It. 2 It.~ ~.2 ,.3 8.6 2.5 7.0 7.5 7.8 6.6 7.7 2.9 3.3 It. .0 5.0 8.0 2.5 3.6 3., 3.9 1t.6 7.2 
2.5 It. 5 ~.3 5.8 6.~ 8.1t 3.1 ~.5 1t.6 ~.9 1t.2 6.0 
2'4 It. 5 .9 g" 6. 8.7 2.1t .2 5.1 .9 ,., 10.5 2. 3.9 It. 8 .0 6.2 7.9 2.9 3.1 3.1t 3.5 3.8 7.9 
2.9 1t.3 It. It 5.0 6.1t 7.3 2.3 6.0 6.5 6.5 7.8 8.3 
Mean 2.65 It. 12 1t.68 5.25 5.93 8.1, 2.62 It. ,7 5.10 5.08 5.lt2 7.93 
LEE 1.3 2.1 It.o 5.7 6.1t 9.3 2.1 It. 8 3.3 It. 1 5.7 12.0 2.1 1.0 3.3 5.7 6.1 8.9 1.3 1.5 1.5 2.5 3.5 9.6 
0.7 2.1t 2.8 It. It It. 0 7.1t 1.3 3.9 1t.7 6.7 8.2 11.6 
1.6 It. It ,.2 6.~ 7.1 10.0 1.7 1t.6 ,.3 7.5 8.0 11.2 1.7 3.,:\ 1t.8 6. 7.1t 9.3 1.5 0.9 1.5 2.8 3.8 11.6 
1.3 4.'g 7.0 7.5 7.3 9.9 1.6 2., It. It 7.1t 7.2 10.9 
Mean 1.lt5 3.00 It. 50 6.03 6.37 9.13 1.58 3.03 3.1t, 5.18 6.06 11.15 
0 11 12- 13 lit 15 21t 0 11 12 13 lit 15 21t 
BON 1.2 0.5 0., 0.5 o.~ 0.5 a·6 2·a 1.7 2.5 2.9 . a· 2 It. 0 7.7 1.2 0.5 0., 0.8 1. 2.3 .8 2. 3.0 3., 1t.3 .6 5.1 8.~ 2.2 0., 0.5 0.6 0.5 1.1 It. 0 2.3 1.2 2.3 3.0 It.o It. 5 8. 
0.3 0.5 0.5 0., 0.9 0.5 6.2 2.3 2.8 3.6 It.o 5.1 5.1 8.2 
1.1 0., 0.5 0.5 0.5 0., 2., 2.5 1.8 2.9 a·3 3.5 3.5 5.9 0.1t 0.5 0.5 0.5 0.5 0.5 3.2 2.3 It.O 1t.1 .9 5.1t 5.1 8.9 
Mean 1.07 0.5 0.5 0.57 0.72 0.90 1t.05 2.35 2.lt2 3.15 3.73 It. 30 It. 72 7.93 
0 9 10 11 12 21t 0 9 10 11 12 21t 
HUT 3.5 6.2 7.0 8.0 8.0 10.0 2.3 1t.1t ,.7 7.1 6.6 9.1t 
2.1 2.9 . 1t.1t 3.8 7.1 9.8 3.1 5.9 6.8 ".It 7.1t 9.7 
1.5 2.9 1t.1 It. 9 5.5 8.2 2.3 lto2 It. 8 6.2 6.5 8.2 2.4 3.8 1t.3 5.1 6.8 10.~ 1.7 ,.6 7.0 7.6 7.2 ~:~ 2.1 2.6 i·7 5.1t 7.1 10. 2.1 1.6 3.5 3.8 4.3 1.6 5.1 .0 7.5 7.1t 8.6 
/ -" ...... r'~ " -.1'\ IL ':Ill ~ ~~ ~.l+:;. 6.40 9.olt 
FIGURE 1. 
Allantoic IISingle Cycle ll Growth Curves 
Circles: standard virus 
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the inoculation of each virus preparation. This 
is the case with the ten strains used, though 
quantitatively each differs somewhat from the others. 
The results given by the strains BEL, LEE 
and WSE are reviewed in detail whilst the essential 
features only of the other '( strains are outlined. 
7.16 BEL. Allantoic fluid harvested from eggs 
inoculated with about 104 ID50 ' upon reinoculation 
showed an increase of 32-fold at 9 hours incubation. 
This increased to 60-fo1d by 10 hours and at 24 hours 
a 700-fold increase was detected. BEL virus harvested 
after the inoculation of 109 ID50' multiplied 16-fo1d 
at 9 hours, 32-fold at 10 hours and 350-fo1d after 
24 hours. These increases, despite the formation of 
95% incomplete particles by BEL (3.32) indicate that 
this fluid is capable of multiplying when injected 
into fresh embryos with the formation of haemagglutinin 
only 2-fo1d lower than fully active virus. 
Thus instead of a haemagg1utinin titre of 
5 AD's as expected if only 5% of particles present 
could multiply a titre of 64 AD's is found which 
indicates that practically all particles have 
multiplied. A further 100-fo1d increase should 
then occur if all the particles formed could initiate 
further infection. This is obviously not the 
situation as a further la-fold increase only was 
observed between 10 and 24 hours. 5% of BEL 
particles originally inoculated were fully active, 
and on multiplication will yield complete virus 
capable of initiating fresh infection. These 
particles will continue to multiply and ~ccount for 
the further increase in haemagglutinin at 24 hours, 
whilst the bulk of virus formed after the first 
cycle appears as haemagglutinin incapable of 
initiating fresh infection. 
This virus however will be capable of 
interfering and thus after 9 hours the multiplicity 
of infection will be 10, and although there will be 
sufficient cells for the active virus yielded after 
the first cycle to multiply freely, after its second 
cycle interference will have been established and a 
depression in further HA production will occur. 
This is shown to be the case as only a la-fold 
increase occurred between 10 and 24 hours, remaining 
about 50% below the controls. 
~. Allantoic fluid harvested after a 
single passage of concentrated inoculum, could not 
be shown to contain significant amounts of incomplete 
virus (3.l~). On serial passaging however it was 
shown (6.3~) that formation of incomplete virus could 
be demonstrated, a 100-fold decrease in ID-HA ratio 
being detected after the fourth passage. It was of 
interest to see if the present technique could be 
used as a more sensitive test for the presence of 
incomplete virus particles, and the results of these 
experiments were examined in this light. Before 
describing this test, it is worth noting that even 
after the fourth consecutive passage of undiluted 
allantoic fluid (6.3~), there was no decrease in the 
haemagglutinin yield of the LEE strain, a 1.2 fold 
increase being insignificant. 
Figure I (?l~) shows that the increase 
during the first 9 hours incubation, of eggs inocu-
lated with diluted fluid from both concentrated and 
dilute original passage, was of the order of 3-fold. 
After inoculation of fluid from concentrated initial 
inoculum this increased a further 3-fold in the next 
hour, followed by a further 3-fold in the 11th hour 
and an 8.5-fold increase up till 2~ hours. The 
allantoic fluid from dilute initial seed increased 
a further 1.3-fold between 9 and 10 hours and again 
a 3-fold increase till 11 hours, and a 60-fold increase 
to 24 hours. 
That the multiplication of influenz~ B 
strains is slower than A strains is again borne out 
by these findings, the peak of the first cycle 
appears to be at about 11 hours. Both these 
inocula had yielded the same amount of haemagglutinin 
at this stage, the concentrated-fluid titre being 
2-fold higher than the dilute-fluid yield. During 
the next 13 hours however the virus yielded by the 
dilute-fluid inoculum increased 60-fold, whilst that 
from the concentrated-seed inoculum increased 8-fold, 
the final yield being 4-fold lower than that yielded 
by the dilute seed inocula. 
The first increase in haemagglutinin titre 
after the inoculation of undiluted WSE seed virus 
occurred after 12 hours incubation when a 2-fold 
increase was detected, after 24 hours this titre had 
increased a further 30-fold. The dilute-seed inocula 
however increased 3 fold after 9 hours incubation 
and a further 2-fold till 12 hours and a further 
increase up till 24 hours of 40-fold. Thus WSE, 
which contained 99% incomplete particles after con-
centrated inocula, showed that these particles are 
truly incapable of multiplying, as 1% complete 
particles will after the first cycle of multipli-
cation yield the same titre as initially, which 
would account for the first detectable increase 
at 12 hours. Dilute-passage virus on the other 
hand showed detectable multiplication at 9 hours, 
and a further 35-fold increase between 11 and., 2lf. 
hours, paralleling a 50-fold increase between 11 
and 2lf. hours after concentrated-seed inocula. Thus 
the particles produced up to 11 hours after concen-
trated-seed inocula appeared to multiply to the same 
extent as those produced after dilute-seed inocula, 
the lower concentration of virus in the former case 
not interfering to the same degree as in the, latter. 
PR8, MEL, ~, ~, .!!!:!! and ~ follow the 
same pattern of multiplication. A significant in-
crease was detected after 9-10 hours following both 
inocula. The difference between the inocula yields 
at 11 hours being for MEL, CAM and SW of the order 
of 3-lf.-fold, and PR8, FMI and HUT showed a difference 
less than 2-fold - the dilute-seed inoculum always 
showing the higher yield. 
The further increase between 11 and 2lf. 
hours of these strains varied from 6.9-fold (CAM) 
and 7.lf.-fold (FMI) after concentrated-seed inoculum 
to 93-fold for MEL dilute-seed inoculum. These 
differences will be influenced by 2 factors: 
(a) the proportion of totally incomplete 
particles which will interfere with cycles of 
multiplication after the first, and therefore lower 
the final 24 hour yield; 
and (b) the type of particle yielded by the 
first cycle of multiplication - whether a particle 
capable of further multiplication, on one incomplete 
as far as ability to multiply is concerned, but 
capable of interfering with future reproduction. 
Dilute-seed inocula of BON showed a 2.5-
fold increase up to 13 hours, which increased 8-fold 
up till 15 hours, and a further lO-fold increase 
occurred till 24 hours - embracing a 50-fold total 
increase. Concentrated-seed inoculum however showed 
no detectable haemagglutinin up till 13 hours, and 
by 15 hours the titre had reached that of the original, 
An 8-fold increase then occurred up to 24 hours. BON 
produced 70'/0 "incomplete" particles after the inocu-
lation of concentrated inoculum (3.23). This experi-
ment indicates that these particles are fully incomplete, 
the original titre of the preparation being obtained 
again only after 13 hours incubation. Thus, active 
virus has multiplied during a single cycle, and at 
the same time the non-infectious particles have 
established interference, which caused a reduced 
yield in further cycles - only a lO-fold increase 
occurring between 14 and 24 hours. 
It thus appears that the first cycle virus 
yielded by an inoculum of a dilute suspension of 
allantoic fluid of concentrated seed origin, differs 
from that yielded by virus derived from an initial 
inoculum of dilute seed in that it is incapable of 
initiating further infection. 
Without further experiments being done 
along these lines it seems to indicate that when 
a concentrated inoculum of influenza virus is 
inoculated into the allantoic cavity of the develop-
ing chick embryo, the yield contains a certain per-
centage of particles capable of multiplying in the 
usual way. Together with this fully active virus 
are particles capable of multiplying through a single 
cycle, producing haemagglutinin, but being incapable 
of further multiplication. 
The strains vary somewhat in the percentage 
of these different particles present, but the final 
definition of the proportions of fully infective, 
single-cycle infective and non-infective virus has 
to wait until experiments can be performed under 
strictly standardized conditions, i.e., with a known 
number of susceptible cells exposed to a known 
multiplicity of virus particles. The de-embryo-
nated egg holds the greatest promise for the solving 
of this problem. 
7.2 IITardyll Virus. 
7.21 The second of these observations was made 
titrations 
during infectivity/of fluids in 5.5. At times it 
was incomvenient to dip infectivity tests after 
~2 hours, as was our standard practice, and 66 hours 
were allowed to elapse before the eggs were dipped, 
and the fluids tested for haemagglutinin. It was 
noticed that some of these titrations gave a con-
siderably higher titre for fluids of the same group 
which had been tested after ~2 hours incubation. 
In order to test this discrepancy, all 
infectivity tests were dipped aseptically after 
~2, 66 and finally after 90 hours incubation. The 
results are recorded in Table II, ahd show the 
infectivity titres (ID50) expressed in loglO units 
7.22 
TABLE II 
Increase in Infectivity Titre with Increasing Incubation 
Inoculum 
9 4 Treatment '" 10 ID50 ~10 ID50 
1.0 m1 42hr 66hr 90hr 42hr 66hr 90hr 
9.00 9.50 9.50 9.70 9.88 
9.17 9.30 9.08 9.20 9.20 
SALINE 9.70 9.70 9.70 9.60 9.70 9.88 
9.50 10.00 10.00 9.40 9.58 9.58 
9.00 9.67 ~10.20 9.00 10.00 10.00 
8.58 9.00 9.00 
9.00 9.25 9.25 
9.17 9.25 9.50 
Average: 9.274 9.718 9.740 9.191 9.482 9.487 
Differenqe 
from 42 hr. 0.444 0.466 0.291 0.296 
7.75 8.30 8.30 8.~0 9.00· 0.01 M 7.60 7.75 7.83 7. 2 8.60 8.60 
K1~ 7.70 8.29 7.17 . 7.67 7.83 
7.75 8.20 8.33 7.40 7.7~ 7.75 7.90 8.~3 8.~3 7.83 8.1 8.2~ 8.38 8. 3 8. 3 7.50 7.86 8.1 
6.86 7.42 7.64 
Average: 7.847 8.250 8.284 7.526 8.063 8.035 
Difference 
from 42 hr. 0.403 0.437 0.537 0.509 
8.30 8.50 8.50 9.17 9.70 9.70 0.0025 M 9.07 9.25 9.25 8.08 8.40 
K1~ 8.50 8.88 8.88 9.90 9.90 
9.00 9.80 9.92 
8.79 10.00 10.00 
8.60 8.75 9.08 
7.50 8.17 8.50 
Average: 
Difference 
8.623 8.875 8.877 8.574 9.246 9.517 
from 42 hr. 0.252 0.254 0.672 0.943 
7.22 
9 If. Treatment "" 10 ID50 ~10 ID50 
1.0 m1 If.2hr 66hr 90hr If.2hr 66hr 90hr 
7.50 9.00 9.13 8.30 8.86 8.86 0.000625M 9.25 9.70 9.70 8.80 9.20 
K1<\ 8.00 8.58 8.63 9.00 9.33 9.33 
8.lf.2 9.20 9.29 9.50 9.~0 8.75 
-
9.lf.Q 8.17 8.lf.2 8. 2 
8.43 8.90 9.00 8.75 9.30 9.50 
9.00 9.13 9.13 
Average: 8.392 9.045 9.177 8.758 9.106 9.123 
Difference 
from 42 hr. 0.653 0.785 0.348 0.365 
0.0001563M 
7.83 8.63 8.63 9.58 .9.80 
9.25 . 9.63 8.75 8.92 8.92 
K104 9.00 - 9.83 9.17 9.71 9.71 8.88 9.64 9.64 8.67 8.75 9.00 8.86 8.93 8.93 8.33 8.50 9.17 
9.00 9.17 9.17 
Average: 8.764 9.066 
Difference 9.332 8.917 
9.141 9.194 
from 42 hr. 0.302 0.568 0.224 0.277 
per m1 of allantoic fluid, harvested from eggs 
pretreated with varying doses of potassium perio-
date, and inoculated with concentrated and dilute 
seed of LEE virus. 
It will be seen from Table II (7.22) that 
following inoculation of concentrated and dilute 
seed into untreated eggs the fluids yielded showed 
little increase in titre when the time of incubation 
of infectivity tests was extended from ~2 to 66 or 
90 hours. Concentrated seed virus yielded fluids 
which increased 0.44 and 0.~7 log units between 
10 
~2 - 66, and ~2 - 90 hours incubation re~pectiY~ly. 
The dilute inoculum yield increased 0.29 and 0.30 
log units during the same time intervals. 
10 
Eggs treated with 0.01 M Kl~ after 
inoculation of concentrated seed yielded fluids which 
showed an identical increase to normal eggs, whilst 
increases of 0.5 loglO units occurred after dilute 
inocula. Although only 3 samples were tested follow-
ing the inoculation of concentrated virus into 0.0025M 
KI~ treated eggs, the increases of 0.25 did not differ 
from that of the previous groups. However fluids 
produced by inoculating dilute seed virus into eggs 
treated with 0.0025 M KIO~ showed increases of 0.67 
and O.~ 10gl0 units between ~2 - 66 and ~2 - 90 
hours incubation respectively. However eggs treated 
with two further ~-fold dilutions of KIO~, 0.000625 M 
and 0.00015625M, showed increases indistinguishable 
from those of the untreated eggs. Concentrated seed 
eggs showed an increase of 0.65 and 0.78 log units 
. 10 
respectively after treatment with 0.000625 M KIO~, 
and again a normal increment following treatment with 
0.00015625M KIO~. 
7.2~ Thus two groups of eggs were conspicuously 
different from the others. 109ID50 LEE virus inocu-
lated into eggs pretreated with 1.0 ml of M/1600 
~ 
KIO~, and 10 ID50 LEE inoculated into eggs pretreated 
with 1.0 ml of ~OO KIO~, yielded allantoic fluids 
which markedly increased in infectivity titre on 
prolonged incubation. It seemed to indicate that at 
high dilutions of virus, particles were present 
which during the normal period of incubation did not 
multiply sufficiently to be detected by the haemagglu-
tinin test. Two explanations immediately presented 
themselves: 
(a) The virus so formed may be a slow 
starte~. This would imply a longer lag period before 
any multiplication occurred, after which the 
normal cycUc increments took place. This would 
mean that the growth curve would be of the same 
shape as that of normal standard virus, but would 
be displaced by some determinabl~ period of time. 
Inocula containing a certain number of infective 
particles will still show haemagglutinin at ~2 
hours, but where the number of particles is below 
this level, insufficient haemagglutinin will have 
been produced by ~2 hours to be detected by our 
standard method. These particles will increase 
further and show the presence of haemagglutinin 
only after longer incubation. 
(b) The multiplication rate of the 
virus particles may be altered. This could mani-
fest itself either as a decrease in the cyclic 
increment and/or the cycle time. The growth curve 
of such virus will be less steep than the standard 
curve, and the same process as in (a) will occur -
eggs inoculated with more than the critical number 
of particles will have produced sufficient haemagglu-
tinin to be detected, whilst those in which the 
number is less than this requisite level will 
remain negative until further multiplication cycles 
increase the titre to the detectable haemagglutinin 
level. 
Both these possibilities are readily 
amenable to experiment and much valuable information 
will be gathered from their elucidation. 
Table II (7.22) showed that varying doses 
of potassium periodate affected the multiplication 
of virus yielded by eggs so treated. Table V (5.52) 
showed that different concentrations of KIO~ induced 
the formation of varying amounts of incomplete virus 
in eggs, and the effect of combining these two sets 
of results is shown in Table III. The average ratios 
shown in Table V (5SG) have been adjusted by their 
respective increments, Table II (7.22), and thus the 
effect of increasing incubation is tabulated as ID/HA 
ratio per ml allantoic fluid. 
Table III; The Effect of Increased Incubation. and 
of VarX.ng Doses of Potassium Periodate on Incomplete 
V.~g§ ftO~~t.on· 
Treatment 109 ID50 LO~ID50 1.0 ml KIO~ 
~2hr 66hr 20hr ~2hr 66hr 20hr 
Saline 6.22 6.66 6.72 ~.87 6.16 6.lb 0.01 M KIO~ ~.90 5.30 5.3~ .17 ~.71 ~.6 
0.002 MKIO~ 5.72 5.97 5.97 5050 6.17 6.~ 
0.000625 MKIO~ 5.66 6.31 6.~~ 5.55 5.90 5.92 
0.00015625MKI ~ 5.67 5.97 6.2 5.76 5.98 6.~ 
This process has accentuated the effect 
of concentrated (O.OlM) KI~ on the formation of 
incomplete virus. By correcting the ID-HA ratios 
of fluids yielded after varying doses of KlO~, for 
the "tardiness" of the virus so formed, Table III 
(7.25), indicates that atter inoculation of 10~ID50 
LEE influenza virus into KIO~ pretreated eggs, only 
0.01 M KI~ results in highly significant production 
of incomplete virus. The ID-HA ratios of fluids 
from eggs treated with 0.0025 M, 0.000625, and 
0.00015625 M KI~ being inSignificantly different 
from standard dilute inocula LEE virus by 96 hours 
after inoculation. 
9 10 ID50 LEE on the other hand is found to 
yield very high ID-HA ratios when inoculated into 
normal eggs. Treatment of the eggs with 0.01 M KIO~, 
results in the formation of 95% incomplete particles, 
whilst 0.0025 M KI~ produces 80% incomplete particles. 
However four times less KI~ yields virus insignifi-
cantly different from 109 ID50 LEE virus. 
These two effects thus seem to be closely 
linked, and warrant more extensive experimentation. 
It would be of great interest to determine whether 
these virus preparations yield offspring having these 
same properties, or whether on continued multipli-
cation the "partial incompleteness" is overcome, 
- -
and normal infective virus produced. This may 
thus be a pseudo-incompleteness, the true incomplete 
virus being formed only after treatment with 
concentrated KIO~. 
8. 
SUMMARY 
The first part of this thesis is a literary 
survey of work concerned with incomplete forms of in-
fluenza virus. It is pointed out that several investi-
gatil>rs .. observed the production of non-infectious particles, 
but did not recognize it as a new phenomenon and tried to 
interpret their results in the light of virological con-
cepts accepted at that time. From 19~7 onwards von 
Magnus explored the field in detail, and after conclusive-
ly proving that incomplete particles were produced only 
after concentrated inocula of virus, developed the theory 
of auto-interference. A wealth of data has been proferred 
both by him and by other workers in support of this 
hypothesis; there are also several points of evidence 
incompatible with this view. Following the enumeration 
of experimental facts, their relationship is critically 
examined and it is conc~uded that of the interpretations 
brought forward only one, the Ilmissing factor hypothesis ll 
, 
of Cairns and Edney fits all the observations. Accordingly, 
this was taken as. the starting point for the experimental 
work, which makes up the second part of the thesis. 
In search of the Ilmissing factor" it was found 
that some strains of influenza virus do not produce 
appreciable amounts of incomplete particles, even after 
the most concentrated inocula. Ten strains were examined 
in this respect, and the results allow them to be 
arranged into a gradient according to their proneness 
to form non-infective particles. In the allantois 
this gradient is PR8 > WSE, MEL>SW>BON, BEL>HUT, CAM> 
FM1> LEE. The gradient established in mouse lungs was 
fundamentally different. These facts contradict even 
the "missing factor" hypothesis, as neither the virus 
nor the host alone can be held responsible for the 
phenomenon, and the mechanism has to be connected with 
their interaction. 
Subsequent work progressed along two lines. 
First a search was made among other measurable proper-
ties of these ten strains of influenza virus in order 
to find another property or set of properties which 
would fall in the same gradient as the production of 
incomplete particles. Full details are given of experi-
ments testing adsorption, elution and modification of 
cellular receptors both in mouse lungs and the allantois. 
All these properties show characteristic gradation which 
is however uncorrelated with the gradients of incomplete 
virus production. The results should prove useful in 
the characterization and separation of strains which 
are antigenically too closely related to be distinguish-
able. 
The second approach was based on theoretical 
8. 
considerations. A hypothesis is first elaborated which 
is compatible with observed facts and postulates that 
the interaction of virus and host in the earliest 
stages of the infective cycle governs the production of 
incomplete particles. In crucial tests of this hypothe-
sis it is shown that modification of receptors prior to 
infection (i.e., treatment of host cells with dilute 
solutions of metaperiodate) leads to the production of 
non-infective virus. Such chemical induction of the 
phenomenon is effective even with small inocula, and 
even with strains which would not normally produce non-
infective offspring. Quantitative data indicate 
variation of the periodate-effect between strains and 
between virus and host cell. 
Experiments on serial passaging of undiluted 
seed showed that strains which did not yield incomplete 
virus in measurable amounts after the first cycle ~ould 
be induced to produce some after several passages. It 
was also shown that production of wholly non-infective 
seed is not a practical proposition, as a great decrease 
of the infectivity - agglutinin ratio is invariablu 
accompanied by true interference, and thus a lowered 
total output. 
A closer examination of the findings suggested 
that the current concept of incomplete particles being 
8. 
non-infective does not strictly hold. Each strain of 
influenza virus was shown to produce particles of 
"partial infectivity", which can go through a single 
, 
cycle of multiplication but no more. 
Another form intermediate between fully infec-
tive and non-infective virus is also described. This is 
the "tardy virus'! which takes 72 to 96 hours to reach 
maximal titres in the allantois, in contrast to infective 
particles that need not more than 30 to 36 hours. Both 
these forms can be induced artificially by pre-treating 
the allantois with smaller amounts of periodate than 
needed for the chemical production of incomplete particles. 
The implications of these findings are dis-
cussed, and outlines of future research are suggested 
where only pre+iminary results could be presented. 
PART III: PREPARATIVE TECHNIQUES 
9. MATERIALS 
9.1 Chemical Reagents 
9.11 Saline: 
0.85% sodium chloride in distilled water, 
sterilized by autoclaving at 15 Ibs pressure for 20 
minutes. 
9.12 Calcium Magnesium Saline (Ca Mg Saline): 
0.85% sodium chloride 
0.0079% magnesium chloride 
0.0028% calcium chloride, dissolved in 
distilled water, adjusted to pH 7.2 with 0.02 M borate 
buffer and sterilized by autoclaving at 15 Ibs pressure 
for 20 minutes. 
9.13 Citrate Saline: 
0.45% sodium chloride 
2.0% sodium citrate 
0.0063% citric acid, dissolved in distilled 
water, adjusted to pH 7.2 with 0.025 M Tris buffer and 
sterilized by autoclaving at 15 Ibs pressure for 20 minutes. 
9.14 Glycerol Saline: 
Sterile glycerol was added to saline (9.11) to 
give a final concentration of 0.33 M and kept at 4°c. 
9.15 Horse Serum Saline: 
1 volume of Seitz filtered horse serum was 
added to 9 volumes of sterile saline (9.11). 
9.16 Gelatin Saline: 
0.5% gelatin was added to hot Cru1g saline (9.12) 
filtered and sterilized by autoclaving at 15 Ibs pressure 
for 20 minutes. 
9.17 Potassium Periodate:(K104): 
Potassium periodate was dissolved in saline 
(9.11) to give a concentration of 0.01 M, and kept in a 
dark bottle at 4°c. Preparations no more than three 
weeks old were used. 
9.2 Biological Reagents 
9.21 Ree Blood Cells: 
Venous blood taken from ,.white Leghorn fowls 
was mixed immediately with one tenth its volume of cit-
rate saline (9.13). The cells were centrifuged and 
waShed thrice in saline (9.11). The final round of 
centrifuging was continued for 5 minutes at 1,000 G, the 
supernatant removed and the packed cells stored at 4°c. 
Red cell suspensions of 5% strength were made 
up each day. No packed cells older than 3 days were used. 
9.22 ~: 
Eggs from white Leghorn fowls were incubated at 
38.50 C and 65% humidity, and mechanically turned twice 
daily. After 11-12 days the eggs were candled and those 
fertile were used as required. 
9.23 ~: 
5-7 weeks old mice (average weight 22~30 gm) 
were used. The original stock was derived from the 
Walter and Eliza Hall Institute colony, and maintained 
in the Animal Breeding Establishment of the Australian 
National University. 
strains of Influenza Used. 
All strains were adapted to grow in the allantoic 
cavity of the developing chick embryo. 
Type A strains: 
WSE substrain of WS, the prototype of influenza A virus 
(Smith, Andrewes and Laidlaw, 1933), adapted by 
extensive serial passage to grow and produce pocks 
on the chorio-allantois (Burnet, 1936); 
PR8 (Francis, 1934); 
MEL (Burnet, 1935); 
BEL (Burnet, Beveridge, Bull and Clark, 1942). 
Type A-prime strains: 
CAM (Anderson, 1947); 
FMl prototype of A-prime virus (Rasmussen, Stokes and 
Smadel, 1948). 
Type B strains: 
LEE prototype of influenza B virus (Francis, 1940); 
BON (Beveridge, Burnet and Williams, 1944); 
HUT (Burnet, Stone and Anderson, 1946). 
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Swine influenza: 
sw the classical "Strain 15" of Shope (1931). 
10. 
10.1 
10.11 
10.12 
10. - 10.12 
METHODS 
Preparation of Virus. 
Drilling of eggs: 
Eggs 1:thich were fertile after 11 days incubation 
were candled and the position of the air space marked. A 
second mark was made over the allantoic cavity away from 
the large veins, and here a small hole was drilled through 
the shell exposing, but not damaging the shell membrane. 
Over this hole a dab of hot paraffin wax was placed to 
sterilize the area and to seal the chorion to the shell 
membrane. A small hole was then drilled over the air-
space and through the shell membrane, which allowed large 
volumes of inoculum to be quic~ly sucked into the allantoic 
cavity - the contents of the egg subsiding into the air 
space. The eggs were then placed at 350 C ready for use. 
Growth of Virus: 
Viruses used in this study were grown by the 
standard method laid down by Beveridge and Burnet (1946). 
Batches of 11-12 day eggs (10.11) were inoculated with 0.1 
ml of sterile horse serum saline (9.15), containing not 
more than 104 infective units of virus, 100 units of penie-
illin and 100 pg of streptomycin. After a further 42-44 
10.13 
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hours incubation at 350 C the eggs were chilled at 4°c for 
at least 2 hours, and the allantoic fluid harvested asep-
tically, and stored at 4°C. These fluids were tested for 
haemagglutinin content, and those showing high titre were 
used in each experiment within 3 hours of harvesting. 
Harvesting of Allantoic Fluid: 
Two methods were used to obtain allantoic fluid 
from eggs previously inoculated with influenza virus. 
(a) Preparation of stock virus. 
If the total volume of allantoic fluid was 
required, the eggs were chilled at 4°c for at least 2 
hours. The shell was then cut away from the air space 
and using sterile forceps a small hole was made in the 
shell membrane and the chorion. The allantoic fluid was 
then drawn off with a Pasteur pipette ihto sterile test 
tubes for each egg. The fluids were placed immediately 
into an ice-bath, and then kept at 4°C till required. 
(b) Sampling of eggs. 
If a small volume of allantoic fluid only was 
required, a special "dipping pipette" was used. It was 
a small version of Henle and Henle's (1944) IIharvesting 
pipette". 7 mm diameter glass tubing was heated in a 
flame, pulled out; the end sealed and a small hole blown 
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in the side of the drawn-out part about 4 rum from the tip. 
By this means interference from extra-embryonic structures, 
which renders sampling with ordinary Pasteur pipettes cum-
bersome, is eliminated. Without previous chilling a hole 
3 rum in diameter was poked through the paraffin seal and 
about 0.2 ml of allantoic fluid was easily withdrawn with 
a dipping pipette. Each pipette was sterilized in boil-
iug water bet"een each sample. 
Maintenance of stock Seed: 
In order to obtain virus suspensions as nearly 
similar to the previous ones as possible, stock seed virus 
was prepared. A single allantoic fl11id of high virus 
titre, harvested from eggs inoculated 42 hours previously 
with a 10-4 dilution of the required strain, was diluted 
with sterile glycerol to give a 50% solution. This pre-
paration was placed at _lOoe and in this way remained of 
high infectivity for many months. Stock virus preparations 
were then made by using as inoculum a 10-4 dilution of 
this seed. 
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Preparation of Receptor-Destroying Enzyme (RDE). 
The Method of Burnet and Stone: 
In 1947 Burnet and Stone published a method for 
the preparation of the receptor-destroying enzyme (RDE) of 
Vibrio cholerae. Plates of 1% nutrient agar were inoc-
ulated with a few drops of a broth culture of the Vibrio 
strain to be used and the plates incubated for 16 hours at 
37°C. The surface growth was scraped off with a glass 
rod, and the agar removed into a gauze bag inside a Buchner 
funnel. The gauze bag was tied and the fluid pressed out 
by a weighted cylindrical jar fitting closely into the top 
of the funnel. The expressed fluid was centrifuged if 
necessary and passed through a Seitz filter. Thesellagar 
filtrates" had a pH between 7.5 and 8.5. The 4z strain 
of Vibrio cholerae was the one most frequently used. 
The Modified Method: 
In this study, a modified version of that of 
Burnet and Stone (10.21) was used. One ml of a 6-hour 
nutrient broth culture of the 4z strain of Vibrio cholerae 
was spread on to 0.5% nutrient agar plates, (area approx-
imately 50 square inches). The plates were incubated at 
33-35°C for 18 hours, and the uncontaminated plates were 
then scraped into a large container. Calcium chloride, to 
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give a concentration of 0.5% calcium was added and the pH 
adjusted to 6.0 using 1 N RCI and the Brom Cresol Purple 
indicator end-point. The preparation was then heated in 
a water-bath at 550 C for 30 minutes and then frozen over-
night. After thawing, the preparation was filtered through 
a Buchner funnel and then Seitz filtered. 
Liquid Culture Method: 
A third method for the preparation of RDE was 
using a liquid medium, of the following composition:-
Heart infusion broth adjusted to pH 7.6 with Tris buffer, 
and containing 0.01% calcium. The medium was sterilized 
by autoclaving at 15 Ibs pressure for 20 minutes. 
One ml of a 6-hour heart infusion broth culture 
of the 4z strain of Vibrio cholerae was added to 100 ml 
volwnes of this medium, and the bottles aerated by contin-
ual rotation through 3600 in the vertical plane 12 times 
per minute at 35°C. 18 hours later, calcium chloride was 
added to a concentration of 0.5% calcium. The pH was ad-
justed to 6.0 using the Brom Cresol Purple indicator end-
point and the bottles submerged in a water bath at 550 C for 
30 minutes. The fluid was then centrifuged at 1,000 G, 
for 15 minutes, and the clear supernatant removed asepti-
o 
cally, and stored at 4 c. 
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Assay Methods 
Haemagglutinin test for influenza yirus. 
(a) Method 1: Haemagglutination titration ~n tubes. 
Serial two-fold dilutions of the test material 
were made in 0.25 ml volumes of saline, using a calibrated 
0.25 ml pipette for mixing. One drop (0.025 ml delivered 
from a standard pipette) of a 5% fowl red blood cell sus-
pension was added to each tube, the racks shaken vigorously 
and allowed to stand at room temperature (18°_2~o) for 25 
minutes. The pattern of settled red cells was read, a 
conventional pattern of partial agglutination (lione plus") 
marking the end point. The titre of the sample is the 
reciprocal of this dilution. 
(b) Method 2: Haemagglutination titration in 
plastic trays. 
Transparent plastic trays were used to replace 
the conventional tubes and racks of Method 1. These 
trays were obtained from Prestward Ltd., Lombard Street, 
London and were cast off a die owned by the Medical Research 
Council of Great Britain. Depressions in each tray are 
15 rom in diameter, 11 rom maximal depth and have perfectly 
hemispherical bottoms. Volumes of 0.25 ml saline were 
delivered into each depression with an automatic pipette, 
and doubling dilutions of the test material were made with 
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the aid of Taka~~(1950) spiral loop. To each dilution 
one standard drop (0.025 ml) of a 5% fowl red cell sus-
pension was added from a calibrated dropping pipette, and 
the trays shaken and left standing at room temperature. 
The pattern of settled red cells was read (the same con-
ventional degree of agglutination as in Method 1, being 
taken as the end point) 35 minutes later. The titre of 
the sample is the reciprocal of this dilution. 
(c) Reproducibility and accuracy. 
The standard haemagglutinating unit (RA) is 
taken as that dilution of virus which agglutinates to a 
set degree an equal volume of 1% fowl red cells. Thus to 
convert the results of the haemaggllltinin tests above to 
standard HA units, the titres must be divided by 2. In 
each Table, haemagglutinin titres are expressed in loglO 
units per ml, that is all titres, converted to standard RA 
units, were multiplied by a factor of 4. 
(b) gave equivalent results. 
Methods (a) and 
Quality control tests showed method (a) to 
have a variance of 0.0362 log2 units, and thus an error of 
a single titration of ± 0.189 log2 units, i.e. 14%. 
Method (b) showed a variance of 0.0123 log2 units, and an 
error for a single titration of z 0.111 log2 units, i.e. 
about 8%. 
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Method (b) was used for all haemagglutinin 
titrations after we obtained the plastic trays, because of 
the greater speed and accuracy attainable by this method. 
It was also a simpler technique as the human element is 
almost completely eliminated by the automatic pipette, and 
the spiral loop, and the plastic trays proved much easier 
to handle than tubes and trays. The continual breakage 
of tubes during washing and drying also made method (b) 
cheaper than method (a) over any reasonable period of time. 
Titration of infectivity of influenza virus. 
Serial 3.16 fold (loglO 0.5) dilutions of the 
material to be tested were prepared in horse serum saline, 
previously chilled at 4°c, and all tubes were kept in 
an ice bath until used. Penicillin, to give a concentration 
of 100 units, and streptomycin, 100 ug per egg, were added. 
Groups of five Il-day-old eggs were inoculated allantoically 
with 0.1 ml volumes of the dilutions, and the eggs incubated 
at 35°C for 42-45 hours. Without previous chilling each 
egg was dipped (10.13 (b». About 0.2 ml allantoic fluid 
was pipet ted into a clean dry test tube and one standard 
drop (0.025 ml) of a 5% fowl red blood cell suspension was 
added to each sample. The racks were well shaken and 
allowed to stand at room temperature for 25 minutes. As 
the red cells were either completely agglutinated or showed 
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no agglutination, the results were recorded as positive or 
negative respectively. The positive (infected) and neg-
ative (non-infected) eggs were summed and the end-point 
calculated by the method of Reed and Muench (1938). As 
with haemagglutinating units (HA), the infectivity titres 
have been calculated to refer to 1.0 ml volumes of allantoic 
fluid, and are expressed in loglO units. The abbreviation 
IID50" for infectivity titre is used in all Tables. 
Titration of the Receptor Destroying Enzyme. 
The method used was essentially simimar to that 
originally described by Burnet and stone (1947). Two-fold 
dilutions of the preparation to be tested were made in test 
tubes in 0.25 ml volumes of calcium magnesium saline. To 
each tube one standard drop (0.025 ml) of 5% fowl red blood 
cells was added and after shaking, the racks were placed 
in a 37°C waterbath. After 30 minutes the racks were 
shaken vigorously and returned to the ",aterbath for a fur-
ther 30 minutes. 0.033 ml of a solution of 20% sodium 
citrate in water was added to each tube, the racks shaken 
and then a standard drop containing 4 agglutinating doses 
of active MEL virus was added to each. The racks were 
placed at 4°c and after 30 minutes the pattern of settled 
red cells was read. The same degree of partial agglutination 
was taken as end point as in haemagglutination titrations. 
10.33 
The titre, expressed as the reciprocal of the dilution 
giving "one plus" agglutination, shows directly the units 
of RDE activity per 0.25 ml of the original preparation. 
10.4 
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Adsorption Techniques. 
Allantoic membrane method. 
(a) Preuaration of Deembryonated Eggs. 
A circle Ii inches in diameter was drawn around 
the albumen end of each egg. With a sharp pair of scissors 
the shell, shell membrane and chorion were cut around this 
line, and the contents of the egg carefully emptied. The 
reflexions of the chorioallantois plus the strand of main 
vessels had first to be cut, after some of the allantoic 
fluid had been discarded. The eggs were immediately filled 
with saline at room temperature, and washed with saline 
until all the blood had been removed. Calcium saline was 
then added and the eggs kept at room temperature until 
required. 
Each egg was then drained of saline, the shell 
immediately below the cut edge dried with paper tissue, and 
the eggs topped with aluminium bottle caps. These caps 
were sealed to the shell by a dab of hot paraffin wax, and 
the eggs were then placed in a holder taking 36 eggs. The 
holders were designed to fit into the frame of a machine 
which then rolled the eggs through 360°, 12 times per minute, 
with the long axis of the eggs inclined at 17° to the hori-
zontal. 
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(b) Sampling of fluid. 
Fluid was introduced into the deembryonated eggs 
(10.41 (a» through a ~'hole in the metal caps, using a 
syringe and needle. The rolling technique ensured that 
the whole of the fluid came into contact with the maximum 
area of membrane. Samples of fluid could be withdrawn dur-
ing the experiment using a pipette, through the small hole, 
and the final sample was made by removing the metal cap and 
pipetting out the fluid. 
Excised lung technique. 
(a) The preparation of the mouse lungs. 
The method used was essentially similar to that 
described by Fazekas de St. Groth (1948W. Six to eight 
weeks old mice of the same breed and mixed sexes were used. 
Whilst under light ether-chloroform (2:1) anaesthesia the 
peritoneal cavity was opened from the front, and the dia-
phragm pierced to cause the lungs to collapse. The thoracic 
cavity was then opened and the heart excised. Then, beginn-
ing immediately behind the larynx, the trachea-lung complex 
was removed. The outer surfaces of the lungs were then 
rinsed by dipping in saline, and then the upper end of the 
trachea passed over a glass canule inserted in a one-hole 
stopper, and tie~ to it by thread. The stopper was paaced 
in a glass vessel which was essentially a short test tube 
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with a side arm, to which waS attached a rubber tube. 
Through this rubber tube by appropriate blowing and sucking, 
fluid coumd be expelled from or drawn into the lungs. The 
tube contained sufficient liquid para£fin to support ~he 
lungs, the level being adj~sted according to the length of 
the trachea. 
(b) Experimental technique. 
Fluids with which the respiDatory surface of the 
lungs were to be treated were delivered by means of a cali-
brated Pasteur pipette into the glass cannule inserted into 
the trachea, and from there aspirated into the lungs by 
gentle suction. A metal spring clip on the rubber tubing 
provided a means of maintaining the required pressure in 
the lungs. 
0.5 ml was the most frequently used volume of 
fluid. Of the first 0.5 ml sucked into the lungs usually 
only about 0.4 ml could be expelled, a certain amount of 
fluid remaining behind in the bronchioles. Thereafter 
0.5 ml volumes could be sucked in and expelled with an 
accuracy of t 0.02 ml. Sometimes first washing fluids of 
the lungs contained blood an~ these lungs were discarded. 
Fluids which had been aspirated and expelled from the lungs 
were removed from the glass cannule by means of a Pasteur 
pipette. 
11. 
BURRr, F .M., McCREA, J.F. and STONE, J.D. - (1946) Brit. J. exp. 
Path., Z:Z, 228. 
BURRr, F.M. and STONE, J.D. - (1947) Aust. J. expo Biol. med. Sci., 
~, 227. 
BURRr, FoM., STONE, J.D. and ANDERSON, S.G. - (1946) Lancet, i, 807. 
CAIRNS, H.J.F. - (1950) Nature, .1&2, 910. 
CAIRNS, H.J .F. - (1951) Brit. J. expo Path., 16., 110. 
CAIRNS, HeJ.F. - (1952) J. Immunol., ~, 168. 
CAIRNS, H.J .F. - (1954) Aust. J. expo Biol. med. Sci., 16., 123. 
OAIRNS, HeJ.F. and EDNEY, M. - (1952) J. Imnnmol.,~, 155· 
CHAMBERS, L.A. and HENLE, w. - (1943) J. Exp. Med., Tl, 251. 
CURrAIN, C.C., MABMION, B.P. and PIE, J. - (1953) Nature, m, 33· 
DANIEIS, J .B., EATON, M.D. and PERRY, M.E. - (1952) J. Immuno1., ~, 
321. 
FAZEKAS de ST.GR<1rH, S. - (1948a) Aust. J. exp. Biol. med. Sci., 62, 
29. 
FAZEKAS de ST.GR<1rH, S. - (1948b) Nature, 162,294. 
FAZEKAS de ST.GR<1rH, S. - (1949)Aust. J. expo Biol. med. Sci., 23., 65. 
FAZEKAS de ST .GR<1rH, S. - (1950) Lancet, (1); 1101. 
FAZEKAS de ST.GROTH, S. - (1952) j. Hyg., ~, 471. 
FAZEKAS de ST .GROTH, S. - (1954) "Host Contributions to the Intectivity 
of Influenza Viruses", A.N.Z.A.A.S. Oanberra Meeting. 
FAZEKAS de ST .GROTH, S. - unpublished. 
FAZEKAS de ST.GR<1rH, S. and CAIRNS, H.J.F. (1952) J.Immnno1.,~, 173. 
11. 
FAZEKAS de ST.GROTH, S. and GRAHAM, DoM. (1949) Aust. J. expo Bio1. 
med. Soi., 6:Z., 83· 
FAZEKAS de ST.GROTH, S. and GRAHAM, DoM. - (1953) Nature, ~, 1193· 
FAZEKAS de ST.GROTH, S. and GRAHAM, D.M. - (1954a) Brit. J. expo Path., 
.li, 60. 
FAZEKAS de ST.GROTH, S. and GRAHAM, D.M. - (19541» Nature, m, 637. 
FAZEKAS de ST .GROTH, S. and GRAHAM, D .M. - (1955) In preparation. 
FAZEKAS de ST.GROTH, S., ISAACS, A. and EDNEY, M. - (1952) Nature, 
J.7.Q, 573· 
FAZEKAS de ST.GROTH, S. and MARSHALL, I.D. - (1955) In press. 
FAZEKAS de ST.GROTH, S. and STONE, J.D. - unpublished. 
FLEWEi'T, T.H. - (1953) "The Nature of Viru.s Multiplication", Symp. Soc. 
Gen. Microbio1., Cambridge (University Press), p.249. 
FRANCIS, T. - (1934) Scienoe, ~, 457. 
FRANCIS, T. - (1940) Soience, 9Z" 405. 
FRANCIS, T. and MOORE, A.E. - (1940) J. e:x;p. Med., ~, 717. 
FRIEDWALD, W.F. and PICKLl!S, E.G. - (1944) J. expo Med., 79., 301. 
FULTON, F. and ISAACS, A. - (1953) J. Gen. Miorobio1., 2, 119. 
GABD, S. - (1952) "The Nature of Viru.s Multiplioation", Symp. Soo. Gen. 
Miorobio1., Cambridge (University Press), p.211. 
GABD, S. and von MAGNUS, p. - (1947) Ark. Kemi. Min. Geo1., ~, No.S. 
GARD, S., von MAGNUS, P. and SVEDMYR, A. - (1947) Fourth International 
Congress for Microbiology, Section III, p.:;Ol. 
11. 
GARD, S., von MAGNUS, P., SVEDMYR, A. and BIROH-ANDERSON, A. - (1952) 
Arch. ges. Virusforschung, A, 591. 
GRANOFF, A., LIU. O.C. and HENLE, W. - (1950) Proc. Soc. expo Biol., 
New York, :a, 68.4. 
GRANOFF, A. - unpublished. 
GINSBERG. H.S. - (1953) Federation Proceedings, .16. 444· 
GINSBERG, H.S. - (1954) J. expo Med., l!2Q, 581. 
RANIG, M. - (194S) Proc. expo Biol. Med., New York, ,2!l, 385. 
RANIG, M. and BERNKOPF, H. - (1950) J. Immunol., ~, 585. 
HANKS, J .H. and WALLACE, R.E. - (1949) Proc. Soc. expo Biol. Med., 
21, 196· 
HENLE, G., GIIWWI, A. and HENLE, W. - (1955) J. expo Med., 19J., 25· 
HENLE. G. and HENLE, W. - (1946) J. expo Med., Af., 623. 
HENLE, W. - (1949) J. expo Med., 3j2, 13. 
HENLE, W. - (1953) Cold Spring Harbour Symposium, l!!, 35. 
HENLE, W. and CHAMBERS, L.A. - (1941) Proc. Soc. expo Biol. Mad., iJJ., 
713. 
HENLE, W. and ZlRTIlA;;,iJ. - (1941) Proc.Soc.exp.Biol.Med., !:/;§, 544. 
HENLE, W. and HENLE, G. - (1943) Science. 98. fYl. 
HENLE, W. and HENLE, G. - (1944) Am. J. Mad. SCi., 5.Q7.. 705. 
HENLE, W. and HENLE. G. - (1949) J. expo Med., 3j2, 23. 
HENLE. W., HENLE, G. and ROSENBIDiG. E.B. - (1947) J. expo Med., ~, 
423· 
HENLE, w. and ROSENBERG. E.B. - (1949) J. expo Med., .3.2,279. 
HIBST, G.K. - (1941) Soienoe, 2&, 22. 
HIRST, G.K. - (191.2) J. expo Med., ~, 195· 
HIRST, G.K. - (1943) J. expo Med., :z,a, 99· 
HIRST, G.K. - (1948) J. expo Med., §Z, 301. 
ll. 
HIBST, G.K. and HOTCHKISS, R.D. - (1945) The Rockefeller FOUDdation, 
International Health Division, Annual Report, New York, p.50. 
(The autho:cl names given by Green & Woolley). 
HOYLE, L. - (1948) Brit. J. expo Path., 69" 390· 
HOYLE, L. - (1950) J. Hyg., 48, 277. 
ISAACS, A. and EDm, M. - (1950) Aust. J. expo Biol. med. Soi., ~, 
219· 
ISAACS, A. and FULTON, F. - (195.3) Nature, 171, 90· 
LAUFFER, M.A. - (1944) J. Am. Chem. Soc., ~, ll95. 
LAUFFER, M.A. fADd MILLER, G.L. - (19M) J. expo Med., ~, 521. 
LAUFFER, M.A. and STANI.Er, W.M. - (19M) J. expo Med., jig, ,531. 
LIU, O.C. and HENLE, w. - (1951) J. expo Med., 2&, 291. 
LURIA, S.E. - (1947) Proo. Nat. Acad. Soi., .3.1, 25.3. 
McCLELLAND, L. and BARE, R. - (1941) Caned. Pub. Health J., la, 5.30. 
McCREA, J.F. - (1947) Aust. J. expo Biol. med. Sci., 6.2,127. 
MAllMION, B.P., CURrAIN, C.G. and PIE, J. - (1953) Aust. J. expo Biol. 
~ed. Soi., Jl, 505. 
MILLER, G.L. - (1944) J. expo Med., 7.2, 17.3. 
11. 
MILLER, G.L., LAUFFER, M.A. and STANLEY, W.M. - (1944) J. expo Med., 
§Q, 549· 
NIGG, C., CROWLEi, J.H. and WILSON, D.E. - (1941) J. IDIIllUllOI., Ii?., 51. 
NIGG, C., WILSON, D.E. and CROWLEr, J.H. - (1941) Am. J. Hyg., u." 
Nov.B., 138. 
RASMUSSEN, A.F., STOKES, J.C. and SMADEL, J.E. - (1948) Am. J. Hyg., 
&1., lJo2. 
REED, L.J. and MUENCH, H. - (1938) Am. J. Hyg., ~, 493 • 
•• SCHAFER, W. and MUNK, K. - (1952) Z. Naturforachung, 7.2, 608. 
SCHLESINGER, R.W. - (1950) Proc. Soc. expo BioI. Mad., 'lit, 541· 
SCHLESINGER, R.W. - (1951) Archiv. fur Die Gesamte Viruaforachung, 
Baud IV HEFl.' 4, 501. 
SCHLESINGER,R.W. - (1953a) Cold Spring Harbour Symposium, Ja, 55· 
SCHLESINGER, R.W. - (1953b) Ann. Rev. M1crohiol., 1, 83. 
SHOPE, R.E. - (1931) J. exPo Mad., ~, 349. 
SMITH, W" ANDREWES, C.H. and LAIDLAW, P.P. - (1933) Lancet, 11, 66. 
STANLEY, W.M. - (1944a) J. expo Med., 1!t, 255. 
STANLEY, If oM. - (l944b) J. expo Mad., 1!t, 267. 
STONE, J.D. - (1947) Aust. J. expo BioI. mad. SCi., ai, 137. 
STONE, J.D. - (1948a) Aust. J. expo BioI. mad. Sci., aR, 49. 
STONE, J.D. - (1948b) Aust. J. expo BioI. mad. Sci., aR, 287. 
STONE, J.D. - (1949a) Auat. J. expo BioI. mad. Sci., ~, 337. 
STONE, J.D. - (1949b) Auat. J. expo BioI. mad. Sci., ~, 557. 
STONE, J.D. - (1951) Brit. J. expo Path., Ja, 367. 
STONE, J.D. IIlId ADA, G.L. - (1950 ) Brit. J. exp. Path., JJ., Zl5· 
STONE, J.D. IIlId ADA, G.L. - (1952) Brit. J. expo Path., .ll, 428. 
STUARr_HARRIS, C.R. - (1939) Lancet, J., 497. 
SUOO, J.Y. IIlId MAGILL, T.P. - (1948) J. Bact., ~, 201. 
SUOO, J.Y. - (1951) Proc. Soc. expo BioI., New York, 1S, 199· 
SVEDMIR, A. - (1947) Ark. Kem1. Min. Geol., ~), No.ll. 
SVEDMYR, A. - (1948) Brit. J. expo Path., ~, 309. 
szoLJ:&sy, E., ABRAHAM, A. IIlId ALFOLDI, L. - (1954) Acta Microb. 
Hung., 1, lll. 
TAKATSY, G. - (1950) Kiser1. Orvostud., a, 393. 
11. 
TAYLOR, A.R., SHARP, D.G., BEARD, D., BEARD, J.W., DINGLE, J.R. 81ld 
FELLER, A.E. - (1943) J. IlIIIIIUllo1., &1., 261. 
UHLER, M. and GARD, S. - (1954) Nature, l.'Zl, 1041. 
VIWm:s, A. IIlId HIRST, G.K. - (1947) J. IIIIIIIUllol., :tJ., 125. 
Von MAGNUS, P. - (1947) Ark. Kem1. filii. Geol., ~), No.7. 
Von MAGNUS, P. - (195la) Acta Path. Micro. Sclllld., ~, 250. 
Von MAGNUS, P. - (1951b) Acta Path. Micro. Sclllld., ~, 278. 
Von MAGNUS, P. - (19510) Acta Path. Micro. Sclllld., ~, 157. 
Von MAGNUS, P. - (1952) Acta Path. Micro. Scand., lQ, 3ll. 
Von MAGNUS, P. - (1953) "Interaction of Viruses IIlId Cells It , Symp. 
VI Congr. Int. Microbio1., Rome, p~3. 
Von MAGNUS, P. - (1954) "The Dynamics of Viral and Rickettsial 
Infectionslt , New York, The Blakiston Co. Inc., p. 36. 
11. 
Von MAGNUS, P. - (1955) Adv. Virus Res., ~:59. 
WERNER, G.B. and SCHLiSINGER, R.W. - (1954) J. expo Mad., J.QQ, 203. 
